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INSTRUMENT 



(57) A flow rate sensor for performing a flow rate 
detection of fluid with high accuracy without suffering 
adverse effect of the environmental temperature condi- 
tion even when the fluid is viscous fluid having relatively 
high viscosity or the flow rate is relatively small is 
prvided. The flow rate sensor includes a flow rate detec- 
tor (12) having a heating function and a temperature 
sensing function, and a pipe line (4) for fluid to be 
detected which is formed so that heat from the flow rate 
detector (1 2) is transferred to and absorbed by the fluid. 
The temperature sensing which is affected by a heat 
absorption effect of the fluid due to the heat is executed 
in the flow rate detector (12), and the flow rate of the 
fluid in the pipe line is detected on the basis of the tem- 
perature sensing result. Unit retaining portions (50, 60) 
formed on a casing (2) in which the pipe line (4) is 
formed, the unit retaining portions being disposed adja- 
cent to the pipe line (4). A flow rate detecting unit (51) 
comprising the flow rate detector (12) is retained by the 
unit retaining portion (50), and a temperature detecting 
unit (61) comprising a fluid temperature detector (22) is 



retained by the unit retaining portion (60). 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention belongs to a fluid flow 5 
rate detection technology, and particularly relates to a 
flow rate sensor and flow rate detecting apparatus for 
detecting the flow rate of fluid flowing in a pipe line, and 
to a temperature sensor for detecting temperature of 
fluid when detecting the flow rate thereof. The flow rate 10 
sensor of the present invention is suitably used to accu- 
rately measure the flow rate of fluid under various tem- 
perature conditions and to make it easy to fabricate the 
flow rate sensor. 

[0002] Further, the present invention particularly 15 
intends to improve the measurement accuracy of the 
flow rate sensor, flow rate detecting apparatus and tem- 
perature sensor. 

BACKGROUND TE C H NIQU E= ^~ ~ ^ — 20-. 

[0003] Various types of sensors have been hitherto 
used as a flow rate sensor (or flow velocity sensor) for 
measuring the flow rate (or flow velocity) of various fluid, 
particularly liquid, and a so-called thermal (particularly 25 
indirectly heated type) flow rate sensor is used because 
the cost can be easily reduced. 
[0004] A sensor in which a thin-film heating element 
and a thin-film temperature sensing element are lami- 
nated through an insulating layer on a substrate and the 30 
substrate is secured to a pipe line is used as an indi- 
rectly heated type flow rate sensor, so that the substrate 
and the fluid in the pipe line are thermally contacted to 
each other. By passing current through the heating ele- 
ment, the temperature sensing element is heated to 35 
vary the electrical characteristic of the temperature 
sensing element such as the value of the electrical 
resistance of the temperature sensing element. TTie 
electrical resistance value (varied on the basis of the 
temperature increase of the temperature sensing ele- 40 
ment) is varied in accordance with the flow rate (flow 
velocity) of fluid flowing in the pipe line. This is because 
a part of the heating value of the heating element is 
transferred through the substrate into the fluid, the heat- 
ing value diffusing into the fluid is varied in accordance 45 
with the flow rate (flow velocity) of the fluid, and the 
heating value to be supplied to the temperature sensing 
element is varied in accordance with the variation of the 
heating value diffusing into the fluid, so that the electri- 
cal resistance value of the temperature sensing element so 
is varied. The variation of the electrical resistance value 
of the temperature sensing element is also varied in 
accordance with the temperature of the fluid. Therefore, 
a temperature sensing device for temperature compen- 
sation is installed in an electrical circuit for measuring 55 
the variation of the electrical resistance value of the 
temperature sensing element to suppress the variation 
of the flow-rate measurement value due to the tempera- 



ture of the fluid at maximum. 
[0005] An indirectly heated type flow rate sensor 
using thin film elements as described above is disclosed 
in JP-08-1 46026 (A), for example. 
[0006] The conventional indirectly heated type flow 
rate sensor has a metallic pipe line to be connected 
external pipe lines. The fluid flows in the pipe line, which 
is exposed to the outside. Since the metallic pipe line 
has high thermal conductivity, the temperature variation 
of the environmental atmosphere is easily transmitted to 
the fluid in the pipe line, especially to the fluid at the 
vicinity of inner wall of the pipe line, resulting in lowering 
the accuracy of detection of the flow rate by the thermal 
flow rate sensor, especially in case of small amount of 
flow rate. Such a problem is significant when the differ- 
ence between the temperature of the fluid flowing 
through the pipe line and the environmental tempera- 
ture is -great. 

[0007] The conventional indirectly heated type flow 
- rate-sensor is attached to.the external pipe line so thaW-;--. 
the substrate of a flow rate detector or a casing which is 
thermally connected to the substrate is exposed frown 
the wall surface of the pipe line to the fluid. 
[0008] For example, the indirectly heated type flow 
rate sensor disclosed in the above JP-08-146026 (A) as 
the sensor of high thermal response, high measuring 
accuracy, small size and producibitty with low cost has 
the following construction: 

[0009] As shown in Figs. 31 A and 31 B, a flow rate 
sensor 501 is composed of a thin film heating element 
503, thin film temperature sensing element 504 lami- 
nated via an insulating layer 505 on a substrate 502, 
and attached to an appropriate portion of a pipe line 506 
as shown in Fig. 32 in application. 
[001 0] In the flow rate sensor 50 1 , the temperature 
sensing element 504 is heated by supplying electric 
power to the heating element 503. and the change of 
the electric resistance value in the temperature sensing 
element is detected. The flow rate sensor 501 is dis- 
posed on the pipe line 506, and therefore a part of the 
heating value of the heating element 503 is transferred 
through the substrate 502 into the fluid flowing through 
the pipe line. The heating value transferred to the tem- 
perature sensing element 504 amounts to the heating 
value generated by the heating element subtracted with 
the heating value diffusing into the fluid, which is varied 
in accordance with the flow rate of the fluid. Therefore, 
the flow rate of the fluid flowing through the pipe line 506 
can be detected by detecting the electrical resistance 
value of the temperature sensing element which is var- 
ied in accordance with the heating value to be supplied 
to the temperature sensing element 504. 
[0011] The dispersing heating value is also varied 
in accordance with the temperature of the fluid, and 
therefore as shown in Fig. 32. a temperature sensor 507 
is arranged on an appropriate portion of the pipe line 
506, and electrical resistance value of the temperature 
sensing element is also varied in accordance with the 
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temperature of the fluid. Therefore, a temperature sens- 
ing device for temperature compensation is installed in 
an electrical circuit for measuring the variation of the 
electrical resistance value of the temperature sensing 
element to suppress the variation of the flow-rate meas- 
urement value due to the temperature of the fluid at 
maximum. 

[0012] However, since the conventional flow rate 
sensor 501 is directly connected to the metallic pipe line 
506 which is exposed to the outside, the heating value 
posessed by the fluid is dissipated to the outside or the 
heating value is supplied to the fluid through the metallic 
pipe line 506 having high thermal conductivity, resulting 
in that the detection accuracy of the flow rate sensor 

501 is lowered. The influence of such heat dissipation 
on the detection accuracy of the flow rate sensor is sig- 
nificant when the flow rate of the fluid is very small, and 
more significant when the specific heat of the fluid is 
small. 

[0013]' -When the-fluid-is^iscotrs^fluid, particularly- 
viscous fluid having relatively high viscosity, particularly 
liquid, the flow-velocity distribution on the section per- 
pendicular to the flow of the fluid in the pipe line 506 is 
more remarkable so as to show a parabolic curve hav- 
ing an extreme value at the central portion, that is, the 
flow-velocity at the central part greatly didders from the 
flow velocity at the vicinity of the wall of pipe line. In the 
case of the conventional sensor in which the substrate 

502 or the casing 508 connected to the substrate is 
merely exposed to the fluid at the wail of the pipe line, 
the flow-velocity distribution has a great effect on the 
precision of the flow-rate measurement. This is because 
the flow velocity of the fluid flowing at the center portion 
on the section of the pipe line is not taken into consider- 
ation, but only the flow velocity of the fluid in the neigh- 
borhood of the wall of the pipe line is taken into 
consideration. As described above, the conventional 
flow rate sensor has such a problem that it is difficult to 
measure the flow rate of fluid accurately when the fluid 
is viscous fluid having relatively high viscosity. 

[0014] Even when fluid has low viscosity at room 
temperature, it induces a problem connected to the 
above viscosity problem because the viscosity of the 
fluid increases as the temperature is lowered. 
[0015] Further, the above problem is more remark- 
able when the flow rate per unit time is relatively low 
than when the flow rate per unit time is high. 
[001 6] In order to improve the detection accuracy of 
the indirectly heated type flow rate sensor, it is impor- 
tant to transmit the heat value generated by the heater 
to the temperature sensor under the influence of only 
the heat absorption by the fluid. In the conventional indi- 
rectly heated type flow rate sensor, however, the heat 
transmission between the environment and the temper- 
ature sensor or heater cannot be ignored as mentioned 
in the above, and the detected flow rate value is varied 
in accordance with the environmental temperature, 
resulting in occurrence of the error in the flow rate 



detection. 

[0017] The flow rate sensor is required to be used 
under an extremely broad temperature environment in 
accordance with a geographical condition, an indoor or 

5 outdoor condition, etc. Further, these conditions are 
added with a season condition, a day or night condition, 
etc., and the temperature environment is greatly varied, 
especially in the outdoor condition. Therefore, there has 
been required a flow rate sensor which can detect the 

10 flow rate accurately under such a broad environmental 
temperature condition as described above. 
[001 8] Therefore, an object of the present invention 
is to provide a flow rate sensor or flowmeter which can 
accurately measure the flow rate of fluid on by prevent- 

75 ing the influence of the environmental temperature con- 
dition on the measuring accuracy. 
[0019] Further, an object of the present invention is 
to make it easy to fabricate the thermal flow rate sensor 
or flowmeter. 

-2cr T -[0020} ^Fufther; : an object ofthe present invention is- * 
to provide a flow rate sensor or flowmeter which can 
accurately measure the flow rate of fluid flowing in a 
pipe line even when the fluid is viscous fluid having rel- 
atively high viscosity. 

25 [0021 ] Further, an object of the present invention is 
to provide a flow rate sensor or flowmeter which can 
accurately measure the flow rate of fluid flowing in a 
pipe line even when the flow rate is relatively small. 
[0022] Still further, an object of the present inven- 

30 tion is to provide a flow rate sensor or flowmeter which 
can accurately measure the flow rate of fluid even when 
the specific heat is small or the flow rate is small by 
reducing the heating value dissipated from the f bw rate 
sensor to the casing or the outside. 

35 [0023] Further, an object of the present invention is 
to provide a flow rate sensor or flowmeter which can be 
attached easily to the casing to be stably fixed thereto 
and has sufficient durability. 

[0024] Further, an object of the present invention is 
40 to provide a temperature sensor for use in measuring 
the flow rate of the fluid, which has the construction sim- 
ilar to the flow rate sensor and can accurately measure 
the flow rate of fluid by reducing the heat transmission 
between the environmental atmosphere and the tem- 
45 perature sensor. 

SUMMARY OF THE INVENTION 

[0025] In order to attain the above object, according 
so to the present invention, there is provided a flow rate 
sensor comprising: 

a flow rate detector having a heating function and a 
temperature sensing function; 
55 a pipe line for fluid to be detected which is formed 
so that heat from the flow rate detector is trans- 
ferred to and absorbed by the fluid, wherein the 
temperature sensing which is affected by a heat 
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absorption effect of the fluid due to the heat is exe- 
cuted in the flow rate detector, and the flow rate of 
the fluid in the pipe line is detected on the basis of 
the temperature sensing result; 
at least one unit retaining portion formed an a cas- 
ing in which the pipe line is formed, the unit retain: 
ing portion being disposed adjacent to the pipe line; 
and 

a flow rate detecting unit comprising said flow rate 
detector and retained by the unit retaining portion. 

[0026] In an aspect of the present invention, the 
casing is made of synthetic resin. 
[0027] In an aspect of the present invention, the 
flow rate detecting unit comprises said flow rate detec- 
tor, a first heat transfer member provided to the flow rate 
detector, a first electrode terminal electrically connected 
to the flow rate detector and a first base portion made of 
synthetic resin, the first base portion is retained by the 
— -unit^f etairiihg portion, -the^f iret*h^t^ransfer*member-- 
extends from the first base portion into the pipe line, and 
the first electrode terminal extends from the first base 
portion to the opposite side to the pipe line. 
[0028] In an aspect of the present invention, the first 
heat transfer member extends to at least the vicinity of 
the central portion on the section of the pipe line. 
[0029] In an aspect of the present invention, the first 
base portion comprises an inner portion having elastic- 
ity and an outer portion disposed around the inner por- 
tion. 

[0030] In an aspect of the present invention, a cav- 
ity is formed in a central portion of the first base portion. 
[0031 ] In an aspect of the present invention, the first 
heat transfer member has a plate form, and the flow rate 
detector is joined to a portion of the first heat transfer 
member located in the first base portion. 
[0032] In an aspect of the present invention, a seal 
member for the pipe line is interposed between the first 
base member and the casing. 
[0033] In an aspect of the present invention, a 
device accommodating portion is formed in the casing 
at the outside of the unit retaining portion, a wiring 
board is disposed in the device accommodating portion. 
[0034] In an aspect of the present invention, the 
device accommodating portion is covered by a lid por- 
tion. 

[0035] In an aspect of the present invention, the 
flow rate detector comprises a thin-film heating element 
and a flow rate detecting thin-film temperature sensing 
element disposed so as to be affected by the effect of 
the heating of the thin-film heating element, the thin-film 
heating element and the flow rate detecting thin-film 
temperature sensing element being formed on a first 
substrate. 

[0036] In an aspect of the present invention, the first 
heat transfer member is joined to the first substrate. 
[0037] In an aspect of the present invention, the 
thin-film heating element and the flow rate detection 
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thin-film temperature sensing element are laminated on 
a first surface of the first substrate through a first insulat- 
ing layer. 

[0038] In an aspect of the present invention, the first 
heat transfer member is joined to a second surface of 
the first substrate. - ■•• 

[0039] In an aspect of the present invention, the 
dimension of the first heat transfer member in the direc- 
tion of the pipe line is set to be larger than the dimension 
in the direction perpendicular to the extension direction 
of the first heat transfer member within the section of the 
pipe line. 

[0040] In an aspect of the present invention, the 
flow rate sensor further comprises a temperature 
detecting unit retained by the unit retaining portion other 
than that for retaining the flow rate detecting unit, the 
temperature detecting unit including a temperature 
detector for detecting the temperature of the fluid in the 
pipe line for compensation when the flow rate of the fluid 
*oMn : the' pipeline is-detected: --" . f w*3*--.o«*«: ^ 
[0041] In an aspect of the present invention, the 
temperature detecting unit comprises said temperature 
detector, a second heat transfer member provided to the 
temperature detector, a second electrode terminal elec- 
trically connected to the temperature detector and a 
second base portion made of synthetic resin, the sec- 
ond base portion is retained by the unit retaining portion 
other than that for retaining the flow rate detecting unit, 
the second heat transfer member extends from the sec- 
ond base portion into the pipe line, and the second elec- 
trode terminal extends from the second base portion to 
the opposite side to the pipe line. 
[0042] In an aspect of the present invention, the 
second heat transfer member extends to at least the 
vicinity of the central portion on the section of the pipe 
line. 

[0043] In an aspect of the present invention, the 
second base portion comprises an inner portion having 
elasticity and an outer portion disposed around the 
inner portion. 

[0044] In an aspect of the present invention, a cav- 
ity is formed in a central portion of the second base por- 
tion. 

[0045] In an aspect of the present invention, the 
second heat transfer member has a plate form, and the 
temperature detector is joined to a portion of the second 
heat transfer member located in the second base por- 
tion. 

[0046] in an aspect of the present invention, a seal 
member for the pipe line is interposed between the sec- 
ond base member and the casing. 
[0047] In an aspect of the present invention, the wir- 
ing board and the second electrode terminal. of the tem- 
perature detecting unit are electrically connected to 
each other. 

[0048] In an aspect of the present invention, the 
temperature detector comprises a temperature detec- 
tion thin-film temperature sensing element on the sec- 
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ond substrate. 

[0049] In an aspect of the present invention, the 
second heat transfer member is joined to the second 
substrate. 

[0050] In an aspect of the present invention, the 
temperature detection thin-film temperature sensing 
element are laminated on a first surface of the second 
substrate through a second insulating layer. 
[0051] In an aspect of the present invention, the 
second heat transfer member is joined to a second sur- 
face of the second substrate. 
[0052] In an aspect of the present invention, the 
dimension of the second heat transfer member in the 
direction of the pipe line is set to be larger than the 
dimension in the direction perpendicular to the exten- 
sion direction of the second heat transfer member within 
the section of the pipe line. 

[0053] In order to attain the above object, according 
to the present invention, there is also provided a flow 

r^^rate-sensori comprising:,- 

a flow rate detector having a heating function and a 
temperature sensing function; 
a pipe line for fluid to be detected which is formed 
so that heat from said flow rate detector is trans- 
ferred to and absorbed by the fluid, wherein the 
temperature sensing which is affected by a heat 
absorption effect of the fluid due to the heat is exe- 
cuted in said flow rate detector, and the flow rate of 
the fluid in said pipe line is detected on the basis of 
the temperature sensing result; and 
a casing made of synthetic resin. 

[0054] In order to attain the above object, according 
to the present invention, there is also provided a flow 
rate detecting unit or flow rate sensor for use in a flow 
rate sensor including a flow rate detector having a heat- 
ing function and a temperature sensing function in 
which the temperature sensing which is affected by a 
heat absorption effect of fluid due to the heat is exe- 
cuted and the flow rate of the fluid is detected on the 
basis of the temperature sensing result, the flow rate 
detecting unit comprising: 

the flow rate detector; 

a first heat transfer member provided to the flow 
rate detector; 

a first electrode terminal electrically connected to 
the flow rate detector; and 
a first base portion made of synthetic resin, wherein 
the first heat transfer member and the first elec- 
trode terminal extends to the opposite side to each 
other. 



[0055] In order to attain the above object, according 
to the present invention, there is also provided a fluid 
temperature detecting unit or fluid temperature sensor 
for use in a flow rate sensor including a flow rate detec- 



tor having a heating function and a temperature sensing 
function in which the temperature sensing which is 
affected by a heat absorption effect of fluid due to the 
heat is executed and the flow rate of the fluid is detected 
s on the basis of the temperature sensing result in order 
to perform compensation of the flow rate detejrted dkje^ 
to the temperature of the fluid, the temperature detect- 
ing unit comprising: 

w a temperature detector ; 

a second heat transfer member provided to the 
temperature detector; 

a second electrode terminal electrically connected 
to the temperature detector; and 
75 a second base portion made of synthetic resin, 
wherein the second heat transfer member and the 
second electrode terminal extends to the opposite 
side to each other. 

20— [0056]— s In-order to attain^eabove^ebject according ™ .^^raa^ 
to the present invention, there is also provided a flow 
rate sensor comprising: 

a flow rate detector having a heating function and a 

25 temperature sensing function; 

a pipe line for fluid to be detected; and 
a flow rate detection heat transfer member which is 
disposed so as to be affected by heat from the flow 
rate detector and extends into the pipe line, 

30 wherein the temperature sensing which is affected 
by a heat absorption effect of the fluid due to the 
heat via the flow rate detection heat transfer mem- 
ber is executed in the flow rate detector, and the 
flow rate of the fluid in the pipe line is detected on 

35 the basis of the temperature sensing result, and, 
the flow rate detector and a portion of the flow rate 
detection heat transfer member thermally con- 
nected to the flow rate detector are sealed within a 
flow rate detection base portion made of synthetic 

40 resin having a thermal conductivity of 0.7 [W/m • K] 
or less. 

[0057] In an aspect of the present invention, the 
flow rate detection base portion is made of synthetic 
45 resin having a thermal conductivity of 0.4 [W/m • K] or 
less. 

[0058] In an aspect of the present invention, the 
flow rate detection base portion extends in a radial 
direction of the pipe line and passes through a central 

50 axis of the pipe pine. 

[0059] In an aspect of the present invention, the 
flow rate detection heat transfer member has a plate 
form being disposed in the pipe fine along the pipe line. 
[0060] In an aspect of the present invention, the 

55 flow rate detector comprises a thin-film heating element 
and a flow rate detecting thin-film temperature sensing 
element disposed so as to be affected by the effect of 
the heating of the thin-film heating element outside the 
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pipe line, the thin-film heating element and the flow rate 
detecting thin-film temperature sensing element being 
formed on a first substrate. 

[0061] In an aspect of the present invention, the 
flow rate sensor further comprises a fluid temperature s 
detector to perform compensation of the flow rate 
detected in the flow rate detection, whSfein the'fluid 
temperature detector and a fluid temperature detection 
heat transfer member disposed so as to extend into the 
pipe line are thermally connected to each other. to 
[0062] In an aspect of the present invention, the 
flow rate detector and a portion of the temperature 
detection heat transfer member thermally connected to 
the flow rate detector are sealed within a temperature 
detection base portion made of synthetic resin having a 15 
thermal conductivity of 0.7 [W/m • K] or less. 
[0063] In an aspect of the present Invention, the 
temperature detection base portion is made of synthetic 
resin having a thermal conductivity of 0.4 [W/m • K] or 

[0064] In an aspect of the present invention, the 
temperature detection base portion extends in a radial 
direction of the pipe line and passes through a central 
axis of the pipe pine. 

[0065] In an aspect of the present invention, the 25 
temperature detection heat transfer member has a plate 
form being disposed in the pipe line along the pipe line. 
[0066] In an aspect of the present invention, the 
flow rate sensor further comprising heating control 
means for controlling the heating of the heating element 30 
connected to a passage for supplying electric current to 
the heating element, wherein the heating control means 
controls the current to be supplied to the heating ele- 
ment on the basis of the temperature sensing result so 
that the temperature sensing result is coincident with a 55 
target value, and the flow rate of the fluid is detected on 
the basis of the control state of the heating control 
means. 

[0067] In order to attain the above object, according 
to the present invention, there is also provided, a flow 40 
rate sensor comprising; 

a flow rate detector having a heating element and a 
temperature sensing element formed on a sub- 
strate; 45 
a fin plate for 

transferring heat to fluid to be detected there- 
through, and 
an output 

terminal for outputting the voltage value corre- 50 
sponding to the flow rate, wherein the flow rate 
detector, a part of the fin plate and a part of the out- 
put terminal are d coated by molding. 

[0068] In an aspect of the present invention, the 55 
flow rate detector is fixed to an end surface of the fin 
plate, the flow rate detector and the output terminal are 
connected to each other via a bonding wire. 



[0069] In an aspect of the present invention, the fin 
plate and the output terminal are manufactured by 
processing a plate to a plate base member and then 
processing the plate base member to the fin plate and 
the output terminal. 

[0070] In an aspect of the present invention, the 
plate base member is formed by etching the plate. 
[0071] According to the present invention, there is 
provided a flow rate detecting apparatus comprising: 

the flow rate sensor as described in the above; 
a casing having a sensor hole for accommodating 
the flow rate sensor; and 

a fluid flow passage pipe having an opening dis- 
posed at a position corresponding to the sensor 
hole. 

[0072] In an aspect of the present invention, a seal 
member is interposed between the flow rate sensor and 

the:SenSOr^Ole«*?2,r *jt3**»c«*- ... - --k-^mmmwt v***.-. 

[0073] In an aspect of the present invention, the 
flow rate detecting apparatus further comprising a fluid 
temperature sensor, wherein a sensor hole for accom- 
modating the temperature sensor is formed in the cas- 
ing and an opening disposed at a position 
corresponding to the sensor hole for accommodating 
the temperature sensor in the fluid flow passage pipe. 
[0074] In an aspect of the present invention, a seal 
member is interposed between the temperature sensor 
and the sensor hole for accommodating the tempera- 
ture sensor. 

[0075] According to the present invention, there is 
provided a flow rate sensor comprising; 

a flow rate detector having a heating element and a 
_ temperature sensing element formed on a sub- 
strate; and 

a recess portion formed in the substrate, the recess 
portion being sealed with an air layer formed 
♦herein. 

[0076] In an aspect of the present invention, the 
recess portion is formed by etching. 
[0077] In an aspect of the present invention, the 
recess portion is sealed by a glass plate. 
[0078] In an aspect of the present invention, the 
flow rate sensor further comprises a fin plate performing 
heat transmission to the fluid, wherein the flow rate 
detector is fixed to a surface of an end portion of the fin 
plate so that a side of the flow rate detector on which the 
heating element and the temperature sensing element 
is positioned confront the surface of the end portion of 
the fin plate. 

[0079] According to the present invention, there is 
provided a flow rate sensor comprising: 

a flow rate detector having a heating element and a 
temperature sensing element with an insulator 
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interposed therebetween; 

a fin plate an end portion of which is joined to the 

flow rate detector; 

an output terminal electrically connected to the flow 
rate detector; and 

a housing made of resin accommodating the flow 
rate^etector. 

wherein the fin plate and the output terminal extend 
to the outside of the housing, a cavity is provided in 
the housing and the flow rate detector is disposed 
in the cavity. 

[0080] In an aspect of the present invention, the 
end portion of the fin plate joined to the flow rate detec- 
tor and an end portion of the output terminal connected 
to the flow rate detector are positioned in the cavity. 
[0081] In an aspect of the present invention, the 
end portion of the fin plate joined to the flow rate detec- 
tor and an end portion of the output terminal connected 
•tothe-flow rate detector are positoned?in4he=cavity.^- 
[0082] In an aspect of the present invention, the 
end portion of the fin plate joined to the flow rate detec- 
tor and an end portion of the output terminal connected 
to the flow rate detector are positioned in the cavity. 
[0083] In an aspect of the present invention, a 
notched portion is formed on an outer peripheral sur- 
face of the housing. 

[0084] In an aspect of the present invention, the 
housing comprises a main body portion having a recess 
portion and a lid portion covering the recess portion. 
[0085] According to the present invention, there is 
also provided a temperature sensor comprising; 

a temperature detector having a temperature sens- 
ing element and an insulator laminated on the tem- 
perature sensing element; 
a fin plate an end portion of which is joined to the 
temperature detector; 

an output terminal electrically connected to the 
temperature detector ; and 
a housing made of resin accommodating the tem- 
perature detector, 

wherein the fin plate and the output terminal extend 
to the outside of the housing, a cavity is provided in 
the housing and the temperature detector is dis- 
posed in the cavity. 

[0086] In an aspect of the present invention, the 
end portion of the fin plate joined to the temperature 
detector and an end portion of the output terminal con- 
nected to the emperature detector are positioned in the 
cavity. 

[0087] In an aspect of the present invention, a 
notched portion is formed on an outer peripheral sur- 
face of the housing. 

[0088] In an aspect of the present invention, the 
housing comprises a main body portion having a recess 
portion and a lid portion covering the recess portion. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0089] 

5 Fig. 1 is a partially cut-out side view showing an 
.... c . embodiment of a flow rate sensor according to the 
present invention; 

Fig. 2 is a cross-sectional view showing the embod- 
iment of the flow rate sensor according to the 

10 present invention; 

Fig. 3 is an exploded perspective view showing a 
flow rate detector of the embodiment of the flow rate 
sensor according to the present invention; 
Fig. 4 is a circuit diagram showing the embodiment 

75 of the flow rate sensor according to the present 
invention; 

Fig. 5 is a cross-sectional view showing a modifica- 
tion of a flow rate detecting unit of the flow rate sen- 
sor according. to the present invention; 
-20- . - Fig. 6-is a cross-sectionaLvievv showing a : modifica- 
tion in attaching the flow rate detecting unit to a unit 
retaining portion of the flow rate sensor according 
to the present invention; 

Fig. 7 is a cross-sectional view showing an embod- 
25 iment of the flow rate sensor according to the 
present invention, taken along a pipe line for fluid 
flowing; 

Fig. 8 is a cross-sectional view showing the embod- 
iment of the flow rate sensor according to the 
30 present invention, taken perpendicularly to a pipe 
line for fluid flowing; 

Fig. 9 is a cross-sectional view showing a flow rate 
sensing unit of the flow rate sensor according to the 
present invention; 
35 Fig. 10 is a circuit diagram showing the embodi- 
ment of the flow rate sensor according to the 
present invention; 

Fig. 1 1 is a graph showing a relationship between a 
flow rate and an output voltage in the embodiment 
40 of the flow rate sensor according to the present 
invention; 

Fig. 12 is a graph showing a relationship between a 
flow rate and an output voltage in a comparative 
flow rate sensor; 

45 Fig. 13 is a graph showing a variation of the output 
voltage with time lapse in the flow rate sensor 
according to the present invention; 
Figs. 14A and 14B are front sectional view and side 
sectional view showing a flow rate sensor according 

so to the present invention; 

Fig. 15 is an exploded, perspective view showing 
the flow rate detector of the flow rate sensor accord- 
ing to the present invention; — - ^ 
Fig. 16 is a longitudinal sectional view showing the 

55 flow rate detector of the flow rate sensor; 

Fig. 1 7 is an explanatory diagram showing a manu- 
facturing process of the flow rate sensor; 
Fig. 18 is a cross-sectional view showing a flow rate 
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sensor manufactured by the process of Fig. 17; 
Fig. 19 is a cross-sectional view showing aflow rate 
detecting apparatus including the flow rate sensor; 
Fig. 20 is a cross-sectional view showing the flow 
rate detecting apparatus including the flow rate 5 
sensor; 

Fig. 21 is a cross-sectional view showing aflow rate 
sensor comprising a fin plate and a flow rate detec- 
tor mounted thereon and the flow rate detecting 
apparatus including the flow rate sensor; to 
Fig. 22 is an exploded perspective view showing an 
embodiment of a flow rate sensor according to the 
present invention; 

Fig. 23 is a cross-sectional view showing the flow 
rate sensor of Fig. 22 where a lid portion is sepa- is 
rated from a body portion; 
Fig. 24 is an exploded perspective view showing a 
flow rate detector; 

Fig. 25A is an exploded perspective view showing 
anotherembodiment of the flow rate sensoriaccord^-20- 
ing to the present invention; 
Fig. 25B is a cross-sectional view showing the flow 
rate sensor of Fig. 25A; 

Fig. 26A is an exploded perspective view showing 
still another embodiment of the flow rate sensor 25 
according to the present invention; 
Fig. 26B is a cross-sectional view showing the flow 
rate sensor of Fig. 26A; 

Fig. 27 is an exploded perspective view showing a 

temperature detector used in the flow rate sensor 30 

according to the present invention; 

Fig. 28 is a cross-sectional view showing the flow 

rate detecting apparatus according to the present 

invention; 

Fig. 29 is a cross-sectional view showing the flow 35 
rate detecting apparatus; 

Fig. 30 is a graph showing a variation of an output 
variation rate with time lapse in the flow rate sensor 
according to the present invention and the compar- 
ative flow rate sensor; 40 
Fig. 31 A is a perspective view showing a flow 
detector of a conventional flow rate sensor; 
Fig. 31 B is a cross-sectional view showing the flow 
detector of the conventional flow rate sensor; and. 
Fig. 32 is a cross-sectional view showing the flow 45 
detector of the conventional flow rate sensor 
attached to a pipe line. 



PREFERRED EMBODIMENTS FOR EXECUTING 
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[0090] Embodiments of the present invention will be 
described with reference to the drawings. 
[0091 ] Fig. 1 is a partially cut-out side view showing 
an embodiment of a flow rate sensor according to the 55 
present invention, and Fig 2 is a cross-sectional view of 
Fig. 1. 

[0092] In these figures, 2 represents the main body 



portion of a casing, and a pipe line 4 serving as a flow 
passage for fluid to be detected is formed so as to pen- 
etrate through the casing main body portion. The pipe 
line 4 extends to both the ends of the casing main body 
portion 2. Connection portions 6a, 6b (e. g. external 
thread) for connecting. to an. external pipe are formed at 
both ends of the casing main body portion. The casing ~ 
main body portion 2 is made of a synthetic resin, for 
example vinyl chloride resin, or glass fiber reinforced 
polyphenylen sulfide PPS) or polybutylene terephtha- 
late (PBT) having good chemical-resistance and oil- 
resistance, etc. A device accommodating portion is 
formed at the upper side of the pipe line 4 in the casing 
2, and a casing lid portion 8 is fixed to the accommoda- 
tion portion by a screw or tight fitting. The casing is con- 
structed by the casing lid portion 8 and the casing main 
body portion 2. 

[0093] In this embodiment, two device unit retaining 
portions 50, 60 are formed at the bottom (i.e. side near 
--the pipe«line- 4) of the device-accommodating portion 
of the casing main body portion 2 so as to be adjacent 
to the pipe line 4. The unit retaining portions 50. 60 each 
has a cylindrical inner surface having a symmetrical 
axis extending in radial direction of the pipe line 4. A 
flow rate detecting unit 51 is retained by the first retain- 
ing portion 50, and a temperature detecting unit 61 is 
retained by the second retaining portion 60. 
[0094] The flow rate detecting unit 51 has a flow 
rate detector 1 2, a fin plate 1 4 serving as a heat transfer 
member joined to the flow rate detector 1 2 via an adhe- 
sive member 16 having good thermal conduction prop- 
erty, electrode terminals 52, bonding wires 28 
electrically connecting electrodes of the flow rate detec- 
tor 12 to the corresponding electrode terminals 52, a 
base portion 53 made of synthetic resin. The base por- 
tion 53 comprises two portions which are different from 
each other, one of which is an inner portion 53-1 and the 
other is an outer portion 53-2. The inner portion 53-1 is 
elastic and is made of f luororubber for example, so that 
it can be deformed by absorbing stress caused due to 
the difference in thermal expansion property among the 
casing main body portion 2 and members of the flow 
rate detecting unit 51 on the basis of the temperature 
variation. The outer portion 53-2 is hard, chemical- 
resistant and oil-resistant, and is made of polyphenylen 
sulfide (PPS) or polybutylene terephthalate having good 
chemical-resistance and oil -resistance, etc. The base 
portion 53 has a cylindrical outer surface corresponding 
to the inner surface of the retaining portion 50. A part of 
the fin plate 14 extends from the base portion 53 into 
the pipe line 4, while a part of the electrode terminal 52 
extends from the base portion 53 toward the opposite 
side (outside). That is, the. flow rate detector 12, the 
adhesive member 16, a part of the fin plate 14 and a 
part of the electrode terminal 52 are sealed with the 
base portion 53. 

[0095] As shown in Fig. 3, the flow rate detector 12 
is designed in a chip structure by forming an insulating 



8 



15 



EP 1 035 406 A1 



16 



layer 12-2 on the upper surface (first surface) of a sub- 
strate 12-1, forming a thin-film heating element 12-3 on 
the insulating layer 12-2, forming on the heating ele- 
ment a pair of electrode layers 12-4, 12-5 for the thin- 
film heating element, forming an insulating layer 12-6 
thereon, forming a flow rate detection thin-film tempera:^ 
ture sensing element 12-7 on the insulating layer 12-6 
and then forming an insulating layer 12-8 on the flow 
rate detection thin-film temperature sensing element 
12-7. As the substrate 12-1 may be used a member 
which is set to about 0.5mm in thickness and about 2 to 
3mm in square and also formed of silicon or alumina 
(when an insulating substrate of alumina or the like is 
used, the insulating layer 12-2 may be omitted), and as 
the thin-film heating element 12-3 may be used a mem- 
ber of cermet which is set to about 1 jim in thickness 
and designed in a desired shape by patterning. As the 
electrode layers 12-4, 12-5 may be used a member 
which is formed of nickel at a thickness of about 0.5 juun 
j«««*«ww**TW3r- -:;v- <* or- ai,membefeobtained.by-laminating^goldila>^r^n4he--- 
above member at a thickness of about 0. 1 jim. The 
insulating layers 12-2, 12-6, 12-8 may be formed of 
Si0 2 at a thickness of about 1 ^m. As the thin-film tem- 
perature sensing element 12-7 may be used a metal 
resistant film having a large and stable temperature 
coefficient such as platinum or nickel which is patterned 
into a desired shape, for example, a meandering shape 
at a thickness of about 0.5 to 1 urn (or may be used a 
member formed of NTC thermistor of manganese 
oxide). The thin-film heating element 12-3 and the thin- 
film temperature sensing element 1 2-7 are disposed so 
as to be extremely proximate to each other through the 
thin-film insulating layer 12-6 as described above, 
whereby the thin-film temperature sensing element 12- 
7 is immediately affected by the effect of the heating of 
the thin-film heating element 12-3. 
[0096] As shown in Fig. 2, a fin plate 14 serving as 
a heat transfer member is joined to one surface of the 
flow rate detector 12, that is, the second surface of the 
substrate 12-1 by a joint member 16 having excellent 
thermal conductivity. The fin plate 14 may be formed of 
copper, duralumin, copper-tungsten alloy or the like. Sil- 
ver paste may be used as the joint member 16. An 
opening through which the fin plate 14 is penetrated is 
formed at the position in the casing main body portion 2 
at which the flow rate detector 1 2 is disposed. 
[0097] As shown in Figs. 1 and 2, an O-ring 54 as a 
sealing member for the pipe 4 is disposed between the 
outer peripheral surface of the base portion 53 and the 
inner surface of the unit retaining portion 50. 
[0098] The upper portion of the fin plate 14 is con- 
nected to the flow rate detector 12 while the lower por- 
tion thereof extends into the pipe line 4. The fin plate 14-. 
extends into the pipe line 4 having a substantially circu- 
lar shape so as to pass through the center on the sec- 
tion of the pipe line 4 and traverse from the upper 
portion to the lower portion of the pipe line 4. However, 
the pipe line 4 is not necessarily circular in section, but 



may have a proper sectional shape. In the pipe line 4, 
the dimension L 1 of the fin plate 14 in the pipe direction 
is sufficiently larger than the thickness L 2 of the fin plate 
14. Therefore, the fin plate 14 can excellently transfer 
5 heat between the flow rate detector 12 and the fluid 
without greatly affecting the flow of the fluid in the pipe 
line 4. 

[0099] In the casing main body portion 2, the unit 

retaining portion 60 is disposed at a position which is 
10 separated from the unit retaining portion 50 along the 

pipe line 4. The temperature detector 61 is retained by 

the unit retaining portion 60. 

[0100] The temperature detecting unit 61 has a 

temperature detector 22, a fin plate 14' serving as a 
15 heat transfer member joined to the temperature detector 

22 via an adhesive member having good thermal con- 
duction property, electrode terminals 62, bonding wires 

29 electrically connecting electrodes of the temperature 

detector 22 to the corresponding electrode terminals 
r20s?*62,-a baseportion 63*made of synthetic resin^Fhebase^ ^^-^-^r^^m^ 

portion 63 comprises two portions which are different 

from each other, one of which is an inner portion 63-1 

and the other is an outer portion 63-2. The inner portion 

63-1 is elastic and" is made of fluororubber for example, 
25 so that it can be deformed by absorbing stress caused 

due to the difference in thermal expansion property 

among the casing main body portion 2 and members of 

the temperature detecting unit 61 on the basis of the 

temperature variation. The outer portion 63-2 is hard, 
30 chemical-resistant and oil -resistant, and is made of 

polyphenylen sulfide (PPS) or polybutylene terephtha- 

late having good chemical-resistance and oil-resist- 
ance, etc. The base portion 63 has a cylindrical outer 

surface corresponding to the inner surface of the retain- 
35 ing portion 60. A part of the fin plate 14' extends from 

the base portion 63 into the pipe line 4, while a part of 

the electrode terminal 62 extends from the base portion 

63 toward the opposite side (outside). That is, the tem- 
perature detector 22, a part of the fin plate 14' and a 
40 part of the electrode terminal 62 are sealed with the 

base portion 63. 

[0101] The temperature detector 22 is designed in 
such a chip structure that a thin-film temperature sens- 
ing element for the temperature compensation of the 

45 fluid similar to that of the flow rate detector 1 2 is formed 
on a substrate similar to that of the flow rate detector 1 2. 
That is, the temperature detector 22 has the same con- 
struction as shown in Fig. 3 with the exception that the 
thin-film heating element 1 2-3, a pair of electrode layers 

so 1 2-4, 1 2-5 and the insulating layer 1 2-6 are omitted. The 
temperature detector 22 is connected to the fin plate 1 4' 
via a joining member as in the case of the flow rate 
. detector 12. 

[01 02] The temperature detecting unit 61 is pref era- 
55 bly positioned at the upstream side of the flow rate 
detecting unit 51 relative to the flowing direction of the 
fluid in the pipe 4. 

[0103] In the accommodating portion 5 of the cas- 
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ing body portion 2, a wiring board 26 is fixedly disposed. 
Some electrodes of the wiring board 26 are electrically 
connected to the electrodes 52 of the flow rate detecting 
unit 51 by wire bonding etc. (not shown), and also to the 
electrodes 62 of the temperature detecting unit 61 by 5 
wire bonding etc. (not shown). Some other electrodes of 
the wiring board 26 are connected to external lead wires ♦ 
30, and the external lead wires 30 extend to the outside 
of the casing. 

[0104] Fig. 4 is a diagram showing the circuit con- 10 
struction of the flow rate sensor of this embodiment. As 
shown in Fig. 5, the voltage of a DC power source 40 is 
applied to the thin-film heating element 12-3 and the 
bridge circuit 42. An output indicating the flow rate is 
obtained from a differential amplifier 44 in the bridge cir- 15 
cuit 42. That is, in the flow rate detector 12, the thin-film 
temperature sensing element 12-7 executes the tem- 
perature sensing operation which suffers the heat 
absorption effect of the fluid to be detected through the 
*f inflate *1 4 due vto-the^heatingoMhe^hin-f ilm^heating-^tv 
element 12-3, and the flow rate of the fluid to be 
detected in the pipe line 4 is detected on the basis of the 
temperature sensing result and the result of compensa- 
tion due to the fluid temperature detected by the tem- 
perature detector 22 through the fin plate 1 4'. 25 
[0105] Fig. 5 is a cross-sectional view showing a 
modification of the flow rate detecting unit 51 of the 
above embodiment. In the flow rate detecting unit 51, a 
cavity 55 is formed at the central portion of the base por- 
tion 53, i.e. the central portion of the inner portion 53-1 . 30 
TTie flow rate detector 12 is disposed in the cavity 55. 
The thermal influence of the environment on the flow 
rate detector 1 2 can be reduded on the basis of the adi- 
abatic effect of the cavity 55. A vent hole 56 is provided 
on the base portion for communicating the cavity 55 to 35 
the device accommodating portion 5. The temperature 
detecting unit 61 may also have the cavity and the vent 
hole. 

[0106] Fig. 6 is a cross-sectional view showing a 
modification of the installation of the flow rate detecting 40 
unit 51 into the unit retaining portion 50 of the above 
embodiment. In Figs. 1 and 2, an O-ring retained groove 
is formed on both the inner surface of the unit retaining 
portion 50 and the outer surface of the flow rate detect- 
ing unit 51 , whereas in the modification of Fig. 6 the O- 45 
ring retained groove 57 is formed only on the inner sur- 
face of the unit retaining portion 50. The O-ring retained 
groove may be formed only on the outer surface of the 
flow rate detecting unit 51. The installation of the tem- 
perature detecting unit 61 into the unit retaining portion so 
60 may be performed in the same manner as the flow 
rate detecting unit 51 . 

[0107] According to .the above embodiment, the 
casing main body portion 2 is formed of the synthetic 
resin having low thermal conductivity, and therefore the ss 
variation of the environmental temperature does not 
immediately influence the temperature of the fluid in the 
pipe 4 and the flow rate detection can be performed with 



less influence of the environmental temperature varia- 
tion. 

[0108] According to the above embodiment, the 
flow rate detecting unit 51 having the flow rate detector 
12 is retained by the unit retaining portion 50 and the 
temperature detecting unit 61 having the temperature 
detector 22 is retained by the unit retaining portion 60, 
and therefore the fabrication work in the manufacturing 
process can be easily performed. 
[0109] Since the fin plates 14, 14' are used, an 
accurate flow rate detection can be performed with suf- 
ficiently reflecting the flow rate distribution even when 
the fluid to be detected is viscous fluid having relatively 
high viscosity, and further for any type of flow rate distri- 
bution in the radial direction on the section of the pipe 
line 4. Accordingly, even when the flow rate is relatively 
minute or under a broad environmental temperature 
condition, the flow rate of the fluid flowing in the pipe 
can be accurately measured. 

[OttQJ^ In the;abcve*embodiment; the fin plates^ 4;.ss£ot-- ^^^^ 
14' are disposed so as to pass through the center por- 
tion on the section of the pipe line and traverse from the 
upper portion to the lower portion of the pipe line. How- 
ever, the fin plates 14, 14 may be disposed so as to 
extend from the upper portion on the section of the pipe 
line to the vicinity of the central portion. With this con- 
struction, for any type flow rate distribution in the radial 
direction on the section of the pipe line 4, the flow rate 
detection can be accurately performed with excellently 
reflecting the flow rate distribution. 
[0111] Figs. 7 and 8 are cross-sectional views 
showing an embodiment of the flow rate sensor accord- 
ing to the present invention. Fig. 7 shows a cross sec- 
tion taken along the fluid flow passage pipe and Fig. 7 
shows a cross section taken perpendicularly to the fluid 
flow passage pipe. In these figures, members having 
the same functionns as those in Figs. 1 and 2 are indi- 
cated by the same reference numerals. "A" denotes a 
central axis of the pipe 4. 

[0112] In this embodiment, connection portions 6a, 
6b (e. g. quick coupling mechanism; not shown in detail) 
for connecting the sensor to the external pipe line are 
formed at both ends of the casing main body portion 2. 
The unit retaining portions 50, 60 each has a stepped 
cylindrical inner surface having a symmetrical axis 
extending in radial direction of the pipe 4. The f tow rate 
detecting unit 51 having a stepped cylindrical outer sur- 
face is retained by the first retaining portion 50, and the 
temperature detecting unit 61 having a stepped cylindri- 
cal outer surface is retained by the second retaining por- 
tion 60. 

[01 1 3] Fig. 9 is a cross-sectional views showing the 
flow rate detecting unit 51 . As shown in Fig. 9, the flow 
rate detecting unit 51 has a flow rate detector 12, a fin 
plate 1 4 serving as a heat transfer member joined to the 
flow rate detector 12 via an adhesive member 16 having 
good thermal conduction property, electrode terminals 
52, bonding wires 28 electrically connecting electrodes 
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of the flow rate detector 12 to the corresponding elec- 
trode terminals 52, and a base portion 53 made of syn- 
thetic resin. The base portion 53 is preferably made of 
synthetic resin having low thermal conductivity (i. e. 
heat insulation property) and good chemical-resistance 
and oil-resistance. The base portion 53 has a stepped 
cylindrical outer surface corresponding io the inner sur- 
face of the retaining portion 50. A part of the fin plate 14 
extends from the base portion 53 into the pipe line 4, 
while a part of the electrode terminal 52 extends from 
the base portion 53 toward the opposite side (outside). 
That is, the flow rate detector 12, the adhesive member 
16, a part of the fin plate 14, a part of the electrode ter- 
minal 52 and the bonding wire 28 are sealed with the 
base portion 53. 

[0114] The temperature detecting unit 61 differs 
from the flow rate detecting unit 51 essentially in using 
the temperature detector instead of the flow rate detec- 
tor 12. That is, the temperature detecting unit 61 has a 



w 



15 



main body portion 2 in advance, so that the external 
lead wires 30 are electrically connected to the wiring 
board 26 when the wiring board 26 is attached to the 
main body portion 2. 

[01 18] Fig. 1 0 is a diagram showing the circuit con- 
struction of a.f low. rate sensor according to the present - 
invention. A supply power source is' set to +1 5V(±1 0%)7 
for example, and it is supplied to a constant-voltage cir- 
cuit 102. The constant-voltage circuit 102 has an output 
of 0.1 W at +6V ( ±3%), and the output thereof is sup- 
plied to the bridge circuit 104. The bridge circuit 104 
contains a flow rate detection temperature sensing ele- 
ment 104-1 (the above 12-7), a temperature compensa- 
tion temperature sensing element 104-2 and variable 
resistors 104-3, 104-4. 

[01 1 9] The voltages at points a and b are applied to 
a differential amplifying circuit 106. The amplification 
factor of the differential amplifying circuit 106 is made 
variable by a variable resistor 106a. The output of the 



. ^-.v^s^T^^^-f in flate T4*serving'as«e*ieai transfer membeHoineGko ? ^20^*differential L amplifying circuit 1 C6*is input te an^ntegrat^i*^*^ 



the temperature detector 22 via an adhesive member 
having good thermal conduction property, electrode ter- 
minals 62, bonding wires electrically connecting elec- 
trodes of the temperature detector 22 to the 
corresponding electrode terminals 62, and a base por- 
tion made of synthetic resin. A part of the fin plate 14' 
extends from the base portion into the pipe line 4, while 
a part of the electrode terminal 62 extends from the 
base portion toward the opposite side (outside). 
[0115] The temperature detector is designed in 
such a chip structure that a thin-film temperature sens- 
ing element for the fluid temperature compensation sim- 
ilar to that of the flow rate detector 12 is formed on a 
substrate similar to that of the flow rate detector 12. 
That is, the temperature detector has the same con- 
struction as shown in Fig. 3 with the exception that the 
thin-film heating element 12-3, a pair of electrode layers 
1 2-4, 1 2-5 and the insulating layer 1 2-6 are omitted. The 
temperature detector is connected to the fin plate 1 4' via 
a joining member as in the case of the flow rate detector 
12. 

[0116] As shown in Fig. 7, an O-ring 64 serving as 
a seal member for the pipe 4 is disposed between the 
outer surface of the flow rate detecting unit 61 and the 
inner surface of the unit retaining portion 60. 
[0117] In the accommodating portion 5 of the cas- 
ing body portion 2, a pressing plate 32 for the flow rate 
detecting unit 51 and the temperature detecting unit 61 , 
and a wiring board 26 is fixedly disposed thereon. Some 
electrodes of the wiring board 26 are electrically con- 
nected to the electrodes 52 of the flow rate detecting 
unit 51 by wire bonding etc. (not shown), and also to the 
^electrodes 62 of the temperature detecting unit 61 by 
wire bonding etc. (not shown). Some other electrodes of 
the wiring board 26 are connected to external lead wires 
30, and the external lead wires 30 extend to the outside 
of the casing. The external lead wires 30 may be inte- 
grally formed on a predetermined position of the casing 



25 



30 



35 



40 



45 



50 



55 



ing circuit 108. The differential amplifying circuit 106 
whose amplification factor is variable and the integrating 
circuit 108 function as responsibility setting means as 
described later. 

[01 20] The supply power source is connected to the 
collector of an NPN transistor 1 10, and the emitter of the 
transistor 110 is connected to a heating element 112 
(the above 12-3). The output of the integrating circuit 
1 08 is input to the base of the transistor 1 10. That is, the 
supply power source supplies current through the tran- 
sistor 1 10 to the heating element 112 (that is, applies a 
voltage to the heating element 1 12, makes current flow 
through the heating element and supplies power), and 
the voltage to be applied to the heating element 1 12 is 
controlled by a divided voltage of the transistor 1 10. The 
divided voltage of the transistor 1 10 is controlled by the 
output current of the integrating circuit 108 input to the 
base through the resistor, and the transistor 110 func- 
tions as a variable resistor and as heating control 
means for controlling the heating of the heating element 
112. 

[0121] In the flow rate detector 12, the temperature 
sensing of the thin-film temperature sensing element 
1 2-7 is carried out in the flow rate detector 1 2 with being 
affected by the heat absorption of the fluid to be 
detected through the fin plate 14 due to the heating of 
the thin-film heating element 12-3. As a result of the 
temperature sensing, the difference between the volt- 
ages Va, Vb at the points a, b of the bridge circuit 104 
shown in Fig. 10 is obtained. 
[0122] The temperature of the flow rate detection 
temperature sensing element 104-1 is varied in accord- 
ance with the flow rate of the fluid, resulting in variation 
of the value of (Va-Vb). By setting the resistance values 
of the variable resistors 104-3, 104-4 to proper values in 
advance, the value of (Va-Vb) can be set to zero when 
the flow rate of the fluid is equal to a desired value serv- 
ing as a reference. At this reference flow rate, the output 
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of the differential amplifying circuit 106 is equal to zero, 
and the output of the integrating circuit 108 is fixed, so 
that the resistance value of the transistor 110 is also 
fixed. In this case, the divided voltage to be applied to 
the heating element is also fixed, and the flow rate out- 5 
put at this time indicates the above reference flow rate. 
[0123]* If the flow rate of the fluid is increased or 
reduced from the reference flow rate, the output of the 
differential amplifying circuit 106 is varied in polarity 
(which differs in accordance with the positive/ negative 10 
sign of the resistance-temperature characteristic of the 
flow rate detection temperature sensing element 104-1) 
and magnitude in accordance with the value of (Va-Vb), 
resulting in variation of the output of the integrating cir- 
cuit 108. The variation speed of the output of the inte- 15 
grating circuit 108 can be adjusted by setting the 
amplification factor of the differential amplifying circuit 
106 with the variable resistor 106a. The response char- 
acteristic of the control system can be set by the inte- 
* grating r circuit ; 1 08 ; and"^ 
106. 

[01 24] When the flow rate of the fluid increases, the 
temperature of the flow rate detection temperature 
sensing element 104-1 is reduced, and thus the inte- 
grating circuit 108 supplies the base of the transistor 25 
1 1 0 with such a control input as to reduce the resistance 
of the transistor 110 so that the heating value of the 
heating element 1 12 is increased (that is, the current to 
be supplied to the heating element 1 12 is increased). 
[01 25] On the other hand, when the flow rate of the 30 
fluid is reduced, the temperature of the flow rate detec- 
tion temperature sensing element 104-1 is increased. 
Therefore, the integrating circuit 108 supplies the base 
of the transistor 110 with such a control input as to 
increase the resistance of the transistor 1 1 0 so that the 35 
heating value of the heating element 112 is reduced 
(that is, the current to be supplied to the heating ele- 
ment 112 is reduced). 

[0126] As described above, the heat of the heating 
element 1 1 2 is controlled to be fed back so that the tern- 40 
perature detected by the flow rate detection tempera- 
ture sensing element 104-1 is equal to a target value 
irrespective of the variation of the flow rate of the fluid at 
all times (if occasion demands, the polarity of the output 
of the differential amplifying circuit 106 is properly 45 
inverted in accordance with the positive/negative sign of 
the resistance-temperature characteristic of the flow 
rate detection temperature sensing element 104-1). At 
this time, the voltage to be applied to the heating ele- 
ment 1 1 2 is matched with the flow rate of the fluid and so 
thus it is picked up as the output of the flow rate.. 
[0127] According to the above embodiment, the 
temperature of the flow rate detection temperature 
sensing element 104-1 around the heating element 112 
can be kept to a substantially fixed value irrespective of ss 
the flow rate of the fluid to be detected, so that the flow 
rate sensor is not degraded with time lapse and also 
occurrence of ignition and explosion of the inflammable 



fluid to be detected can be prevented. 
[0128] Further, in this embodiment, no constant- 
voltage circuit is required to the heating element 112, 
and thus there is an advantage that it is sufficient to use 
a low-output constant-voltage circuit 102 for the bridge 
circuit 104..Therefore^the heating value of the constant- 
voltage drcuitcari be~reduced, and the flow rate detec- 
tion precision can be kept excellent even if the flow rate 
sensor is miniaturized. 

[01 29] In this embodiment, the base portion 53 of 
the flow rate detecting unit and the base portion of the 
temperature detecting unit are each made of synthetic 
resin having a thermal conductivity X of 0.7[W/m • K] or 
less such as epoxy resin containing 40% by weight of 
amorphous silica (X - 0.60). In such a case, the flow 
rate detection or the fluid temperature detection can be 
performed with little influence of the environmental tem- 
perature. 

[01 30] The base portion 53 of the flow rate detect- 
' ing-j'riit and-th e^as^'portion^fihrtemperature detect- 
ing unit are each preferably made of synthetic resin 
having a thermal conductivity X of 0.4[W/m*k] or less 
such as epoxy resin containing 20% by weight of amor- 
phous silica ( X = 0.33). In such a case, the flow rate 
detection or the fluid temperature detection can be per- 
formed with less influence of the environmental temper- 
ature, and additionally the flow rate detection can be 
performed with quick response when the flow rate is 
varied. 

[0131] Fig. 11 is a graph showing a relationship 
between the flow rate and the output voltage in the flow 
rate sensor at the fluid temperature of 25°C. Kerosene 
was used as the fluid to be detected. The inner diameter 
of the fluid flowing passage pipe was set to 4 mm$. 
Epoxy resin containing 40% by weight of amorphous sil- 
ica ( X = 0.60) was used as material of both the base 
portion 53 of the flow rate detecting unit and the base 
portion of the temperature detecting unit. The detection 
was performed under the environmental temperatures 
of 15°C and 35 °C. Fig. 12 is a graph showing the same 
relationship as Fig. 11 with the exception that it was 
obtained under the condition where the epoxy resin 
containing 60% by weight of amorphous silica (X = 0.88) 
was used as material of both the base portion 53 of the 
flow rate detecting unit and the base portion of the tem- 
perature detecting unit. As apparent from the compari- 
son of Fig. 1 1 to Fig. 12, the flow rate detection can be 
performed with smaller variation of the output voltage 
due to the variation of the environmental temperature in 
the case of Fig. 11 as compared with the case of Fig. 
12. 

[0132] Fig. 13 is a graph showing a variation of the 
output voltage with time lapse in the flow rate sensor 
when the actual flow rate was varied front 20 cc/min to 
80 cc/min and thereafter. Kerosene was used as the 
fluid to be detected. The inner diameter of the fluid flow- 
ing passage pipe was set to 4 mm 4>. The detection was 
performed The detection was performed in two cases 
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(X, Y) where epoxy resin containing 20% by weight of 
amorphous silica (X = 0.33) for the case X and epoxy 
resin containing 40% by weight of amorphous silica ( X 
n 0.60) for the case Y were used as material of both the 
base portion 53 of the flow rate detecting unit and the 
base portion of the temperature dejtedmg unit. It is 
apparent that the flow rate detection' can be performed 
with higher responsibility and smaller detection error in 
the case of X as compared with the case of Y 
[0133] According to the above embodiment, the 
flow rate detecting base portion for sealing the flow rate 
detector is made of synthetic resin having low thermal 
conductivity, so that the adverse effect of the thermal 
transfer between the outside and the flow rate detector 
on the flow rate detection can be suppressed. There- 
fore, the flow rate of the fluid in the pipe can be accu- 
rately and stably detected under wide environmental 
temperature range. 

[0134] A preferred embodiment of the flow rate sen- 
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metal resistant film of platinum, nickel or the like which 
is patterned in a desired shape, for example, a mean- 
dering shape and has a large and stable resistance- 
temperature coefficient, or an NTC thermistor of man- 
ganese oxide. The insulating layers 207, 211, 213 are 
formed of Si0 2 at a thickness of about 1 jim. 
[0138] " The fin plate 203 is formed of material hav- 
ing excellent thermal conductivity such as copper, dura- 
lumin, copper-tungsten alloy or the like, and it is a 
rectangular thin plate of 200 \im in thickness and about 
2mm in width. 

[01 39] As shown in Figs. 1 4B, the flow rate detector 
202 is fixed to the surface of the upper end portion of the 
fin plate 203 through a joint member 216 of silver paste 
or the like so that the surface of the flow rate detector 
202 on which the heating element 208 and the temper- 
ature sensing element 212 are laminated is confronted 
to the surface of the upper end portion of the fin plate 
203. The flow rate detector 202 is connected to the out- 



o^urjrsorfcndflow^ by a bonding w\re*2W?an6&\& flow 1 



under with reference to Figs. 14 A, 14B, 15 to 20. 
[0135] As shown in Figs. 14A, 14B, the flow rate 
sensor 201 comprises a flow rate detector 202, a fin 
plate 203, an output terminal 204 and a coating member 
205. As shown in Fig. 15, the flow rate detector 206 is 
designed in such a chip structure that an insulating layer 
207, a thin-film heating element 208, electrode layers 
209, 210, an insulating layer 211, a thin-film tempera- 
ture sensing element 212 and an insulating layer 213 
are laminated in this order on a substrate 206. 
[01 36] The substrate 206 is formed of a rectangular 
plate of silicon, alumina or the like which has a thick- 
ness of 600 p.m and a size of about 2x3mm. As shown 
in Fig. 16, a recess portion 214 having a depth of 550 
|iim is formed by etching or the like from the opposite 
surface of the substrate to the surface on which the 
heating element 208 and the temperature sensing ele- 
ment 212 are laminated. The depth of the recess por- 
tion 214 is not specifically restricted, however, it is 
preferably set so as to be close to the thickness of the 
substrate 206 as long as the strength thereof can be 
maintained. The inner diameter of the recess portion 
214 is also not specifically restricted, however, it is pref- 
erably set so as to be greater than the size of the heat- 
ing element 208 and the temperature sensing element 
212. A glass plate 215 having a thickness of 50 to 200 
jim is fixed to the opposite surface of the substrate 206 
to the surface on which the heating element 208 and the 
temperature sensing element 212 are laminated to 
completely seal the recess portion 214. 
[0137] The heating element 208 is formed of cer- 
met which has a thickness of about 1 fim and is 
designed in a desired shape by patterning,. and the elec- 
trode layers 209, 210 are formed of nickel at a thickness 
of about 0.5 \im or formed of a lamination film obtained 
by laminating a gold film of about 0.5 nmona nickel film 
of about 0. 5 fim. The temperature sensing element 212 
has a thickness of about 0.5 to 1 ^m and is formed of a 
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rate detector 202, the upper half portion of the fin plate 
203 and the lower half portion of the output terminal 204 
are coated with the coating member 205 formed by 
molding. 

[0140] In the flow rate sensor 201, the recess por- 
tion 214 is formed in the substrate 206 of the flow rate 
detector 202 to form an air layer having a high adiabatic 
effect in the recess portion 214, and the flow rate detec- 
tor 202 is fixed to the surface of the upper end portion of 
the fin plate 203 while the surface of the flow rate detec- 
tor 202 on which the heating element 208 and the tem- 
perature sensing element 212 are laminated is 
confronted to the surface of the upper end portion of the 
fin plate 203, thereby reducing the contact area 
between the coating member 205 and the heating ele- 
ment 208 or the temperature sensing element 212 at 
maximum, so that the heating value possessed by the 
temperature sensing element 212 or the heating value 
transferred through the fin plate 203 can be suppressed 
from flowing out of or flowing Into the coating member 
205 at maximum. 

[0141] Accordingly, the sensitivity of the flow rate 
sensor 201 is not reduced even when the specific heat 
of thefluid is small, even when the flow rate is small, etc. 
[0142] Various methods may be used to manufac- 
ture the flow rate sensor 201 , and the fin plate 203 and 
the output terminal 204 may be unified. 
[0143] For example, the following process may be 
adopted. As shown in Fig. 17, there are successively 
carried out a step of etching a plate 219 to form a plate 
base member 218 having a predetermined shape (S1), 
a step of conducting silver plating treatment on a portion 
to which the flow rate detectors 202 will be joined (S2), 
a step of coating silver paste on the portion to fix the 
flow rate detector 202 to the portion, connecting the flow 
rate detector 202 and the output terminal 204 by a 
bonding wire 217 and conducting nickel plating on the 
portion corresponding to the fin plate 203 (S3), and a 
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step of molding the flow rate detector 202, the upper 
half portion of the fin plate 203 and the lower half portion 
of the output terminal 204 with epoxy resin to form the 
coating member 221 (S4), thereby obtaining the flow 
rate sensor 201 as shown in Figs. 18. 
[0144] v .-. As.shown in Figs. 19 and 20, the flow rate 
detecting "device 221 comprises a casing 222, a flow 
passage pipe 223, the flow rate sensor 201 , a tempera- 
ture sensor 224, a flow rate detecting circuit board 225, 
etc. 

[0145] The casing 222 is formed of synthetic resin 
such as vinyl chloride resin or the like, and it comprises 
a main body portion 226 and a lid portion 227 detacha- 
bly attached thereto. Both the end portions of the main 
body portion 226 are designed as connection portions 
228 to be connected to an external pipe line, and the 
fluid passage pipe 223 is disposed so as to penetrate 
through the main body portion 226. 
[0146] A sensor insertion space 229 is formed at 
^the^upper^portion»iof i 4he-maiiT*body--portion 226?-and 
sensor insertion holes 230, 231 are formed so as to 
extend from the sensor insertion space 229 to the flow 
passage pipe 223. 

[0147] The flow passage pipe 223 is a circular pipe 
formed of metal such as copper, iron, stainless steel or 
the like, and opening portions 232, 233 are formed so 
as to face the sensor insertion holes 230 and 231. 
[0148] The temperature sensor 224 comprises a 
temperature detector (the same as the temperature 
detector 22), a fin plate 235, an output terminal 236, a 
coating member 237, etc., and it has the same con- 
struction as the flow rate detector 202 except that it 
does not have the heating element 208, the electrode 
layers 209, 210 and the insulating layer 211 of the flow 
detector 202. The same method as the flow rate sensor 
201 may be adopted as the method of manufacturing 
the temperature sensor 224. 
[0149] The flow rate sensor 201 and the tempera- 
ture sensor 224 are fitted into the sensor insertion holes 
230 and 231 through the sensor insertion space 229 of 
the casing 222. The lower half portions of the fin plates 
203 and 235 are located in the flow passage pipe 223 
so as to penetrate through the opening portions 232 
and 233 of the flow passage pipe 223. The lower ends 
of the fin plate 203, 235 are set to extend to positions 
lower than the axial line of the flow passage pipe 223 
when the sensors are fitted. O-rings 238 and 239 are 
interposed between the flow rate sensor 201 and the 
sensor insertion hole 230 and between the temperature 
sensor 224 and the sensor insertion hole 231 respec- 
tively, thereby preventing fluid from leaking through the 
gaps therebetween. 

[0150]. - AfteMhe f low rate sensor 201 and the tem- 
perature sensor 224 are fitted into the sensor insertion 
holes 230 and 231 , a sensor press plate 240 is inserted 
into the sensor insertion space 229 to press the upper 
surfaces of the coating members 205, 237 of the flow 
rate sensor 201 and the temperature sensor 224, and a 



flow rate detection circuit board 225 is mounted on the 
sensor press plate 240. 

[0151] The flow rate detecting circuit board 225 is 
electrically connected to the output terminals 204 and 

5 236 of the flow rate sensor 201 and the temperature 
sensor 224 (connection is not shown), and the flow rate 
detecting circuit" described with reference to Fig. 4 is 
constructed as a whole. That is, in the flow rate sensor 
201, the quantity of heat obtained by subtracting the 

10 quantity of heat discharged to the fluid through the fin 
plate 203 from the heating value of the heating element 
208 is detected by a temperature sensing element 212. 
Further, in the temperature sensor 224, the heating 
value owned by the fluid through the fin plate 235 is 

15 detected by the temperature sensing element to carry 
out the fluid temperature compensation, whereby the 
flow rate of the fluid can be detected with high precision. 
[0152] In the flow rate sensor 201 of the present 
invention, the flow rate detector 202, the upper half por- 

^rMiofrofahe'fin'plate 203*and the' lower half tportion'of toe- 
output terminal 204 are coated with a coating member 
205 based on molding. Therefore, the flow rate sensor 
can be surely inserted into the sensor insertion holes 
230, 231 , and there can be suppressed such a risk that 

25 the heat transferred through the fin plate 203 leaks to 
the casing 222 through the metal flow passage pipe 223 
or the heat is transferred from the casing 222 to the fin 
plate 203 due to an incomplete sealing state. 
[0153] From this viewpoint, the sensitivity of the 

30 flow rate sensor 201 can be prevented from being low- 
ered even when the specific heat of the fluid is small, the 
flow rate is small or the like. 
[0154] Further, in the flow rate sensor 201 of the 
present invention, the flow rate detector 202, the upper 

35 half portion of the fin plate 203 and the lower half portion 
of the output terminal 204 are coated and unified into 
one body by the coating member 205 based on mold- 
ing, and the temperature sensor 224 is similar to the 
case of the flow rate sensor 201 . Thus, the sensors are 

40 merely fitted into the sensor insertion holes 230, 231 
formed in the casing 222. Therefore, the installation of 
the sensors 201, 224 into the casing 222 can be 
extremely easily performed. In addition, it can be kept 
under a stable fixed state and has high durability. 

45 [0155] Fig. 21 is a cross-sectional view showing a 
flow rate detecting apparatus for reference, and the flow 
rate detecting apparatus shown in Fig. 21 has been 
developed by the inventors of the present invention. 
[0156] The flow rate detecting apparatus 312 uses 

so a flow rate sensor 30 1 including a flow rate detector 306 
which comprises a thin-film heating element and a thin- 
film temperature sensing element laminated on a sub- 
strate 302 through an insulating layer, and an L-shaped 
fin plate 307 having a horizontal plate portion 307a on 

55 which the flow rate detector 306 is mounted. In the cas- 
ing 308, glass 310 is filled in the gap between the verti- 
cal plate portion 307b of the fin plate 307 and the 
opening portion of the flow passage pipe 309 to seal the 
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gap. and the flow rate detector 306 and the overall hori- 
zontal plate portion 307a of the fin plate 307 are coated, 
sealed and fixed by synthetic resin 21 1 , thereby forming 
the flow rate detecting apparatus 312. 
[0157] Such problems as discharge of the quantity 
of heat to the outside or supply of the quantity of. heat , 
from the" outside, variation of the flow rate on the cross- 
section of the pipe and reduction of the measurement 
precision of the flow rate due to an outside temperature 
environmental effect or the like can be greatly overcome 
by using the flow rate sensor 301 and the flow rate 
detecting apparatus 312. 

[0158] However, the flow rate sensor 301 needs 
works of joining the flow rate detector 306 to the hori- 
zontal plate portion 307a of the fin plate 307 by a joint 
member 313, filling the glass 310 in the gap between 
the vertical plate portion 307b of the fin plate 307 and 
the opening portion of the flow passage pipe 309 to seal 
the gap, coating and sealing the flow rate detector 306 
^ahrthe^efaii horizontal plat^Tfi^)^*30Tro1"thfr fi fin , * 
plate 307 with the synthetic resin 311. Therefore, the 
installation work of the flow rate sensor 301 into the cas- 
ing 308 is cumbersome and also the fixing state thereof 
is unstable, so that a problem may occur in durability. 
[0159] The present invention can also solve the 
above problem, and provides a flow rate sensor and a 
flow rate detecting apparatus which can be easily 
installed into a casing and has sufficiently high durability 
under a stable fixed state. 

[0160] According to the flow rate sensor of the 
present invention, the quantity of heat discharged from 
each part of the flow sensor to the casing and the out- 
side can be extremely suppressed, and the flow rate 
can be measured with high precision even when the 
specific heat of fluid is small, the flow rate of the fluid is 
small or the like. 

[01 61 ] Next, preferable embodiments of a flow rate 
sensor and a temperature sensor of the present inven- 
tion will be described with reference to Figs. 22 to 24, 
25A, 25B, 26A, 26B, 27 to 30. 
[01 62] A flow rate sensor 40 1 shown in Figs. 22 and 
23 comprises a flow rate detector 402, a fin plate 403. 
an output terminal 404 and a housing 405. 
[0163] The flow rate detector 402 is formed by suc- 
cessively forming and laminating a thin-film temperature 
sensing resistor 407, an interlayer insulating layer 8, a 
thin-film heating element 409, heating element elec- 
trodes 410,411 and a protection film 41 2 on a substrate 

406 having a rectangular plate which is formed of sili- 
con, alumina or the like and has a thickness of 400 \im 
and a square of about 2mm as shown in Fig. 24. Refer- 
ence numeral 413 represents bonding pads to coat the 
end edge portions of the temperature sensing resistor 

407 to be connected to bonding wires and the heating 
element electrodes 410, 41 1 by thin film of gold (Au) or 
platinum (Pt). 

[0164] The temperature sensing resistor 407 com- 
prises a metal resistive film of platinum or the like which 



has a film thickness of about 0.5 to 1 \im and a large and 
stable temperature coefficient and is patterned in a 
desired shape such as a meandering shape, or an NTC 
thermistor of manganese oxide. 
5 [0165] The interlayer insulating layer 408 and the 

protection film 412 are formed of Si0 2 at.a thickness of 

about 1 jim. 

[01 66] The heating element 409 comprises a resis- 
tor which has a film thickness of about 1 |im and is pat- 

w terned in a desired shape, and it is preferably formed of 
nickel (Ni), Ni-Cr or Pt, more preferably formed of cer- 
met material such as Ta-Si0 2 , Nb-Si0 2 or the like. The 
heating element electrodes 410, 411 are formed of Ni 
film having a film thickness of about 1 Jim or a combina- 

15 tion of the Ni film and Au film which is laminated on the 
Ni film and has a film thickness of about 0.5 pm. 
[01 67] The bonding pad 41 3 is formed of Au of 0.2 
x 0.15mm in longitudinal and lateral dimensions and 
about 0.1 Jim in thickness. 
^(p^[01^8]»=^Ths f;n~plate-403 comprises^re'ctangular^s 
thin plate of 200 \im in thickness and about 2mm in 
width which is formed of material having excellent ther- 
mal conductivity such as copper, duralmin, copper-tung- 
sten alloy or the like. The fin plate 403 is designed in an 

25 inverse L-shape so that the upper end portion of the rec- 
tangular thin plate is substantially vertically bent by a 
proper length. The flow rate detector 402 is fixed to the 
top surface of the bent portion through a joint member 
414 such as silver paste or the like. 

30 [01 69] The output terminal 404 is a linear thin plate 
of 200 nm in thickness which is formed of material hav- 
ing high conductivity such as copper or the like. 
[0170] The housing 405 comprises a housing main 
body 415 and a lid 416, and they are formed of hard 

35 resin having high chemical resistance and high oil 
resistance, and more preferably resin having low ther- 
mal conductivity such as epoxy resin, polybutylene 
terephthalate (PBT), polyphenylene sulfide (PPS) or the 
like. 

40 [0171] The housing main body 415 is designed in 
such a shallow cylindrical shape that the upper portion 
thereof is recessed and the inside thereof is set as a 
hollow recess portion 417, and a fitted portion 415a 
which is obtained by cutting out the housing main body 

45 415 in a recess shape from the edge portion of the 
peripheral wall thereof to the top portion thereof and to 
which the lid 416 is fitted is formed at the edge portion 
of the peripheral wall. Further, a projecting step portion 
415b which is projected in a cylindrical shape is pro- 

50 vided to the bottom surface of the housing main body 
415. The hollow recess portion 417 comprises a large- 
diameter recess portion 417a obtained by circularly hol- 
ing the inside of the housing main body 415,*and a- 
small-diameter recess portion 417b obtained by further 

55 circularly holing the center portion of the bottom portion 
of the large-diameter recess portion. 
[0172] The lid 416 is designed like a dish which is 
put face down (the recess portion thereof faces down- 
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wardly), and a downwardly-projecting fitting portion 
416a which is fitted to the fitted portion of the housing 
main body is provided at the peripheral edge of the lid 
416 so as to be mounted on the top surface of the hous- 
ing main body 415. s 
[0173] As shown in Fig. 23, jn the housing main 
body 415, the fin plate 403 having the flow rate detector 

402 fixed to the upper portion thereof is inserted in the 
small-diameter recess portion 417b so that the lower 
end portion thereof penetrates through the projecting 10 
step portion 415b and projects to the outside of the 
housing while the bent portion of the upper portion 
thereof is brought into contact with the bottom portion of 
the large-diameter recess portion 417a and supported 

by the bottom portion. Four output terminals 404 are 15 
provided to the housing main body 41 5 so that one half 
portion of each output terminal penetrates through the 
side wall of the housing main body and horizontally 
projects to the outside of the housing while the other 
*sm. ^.«=: half portion of : each'Output-terminal4s4oinedstaarxl supv^2a., 
ported by the bottom portion of the large-diameter 
recess portion 417a. In addition, each output terminal 
404 and the flow rate detector 402 are bonded to each 
other by a bonding wire 418. 

[01 74] The lid 41 6 is put on the housing main body 25 
415 in which the respective parts are arranged as 
described above, and the lid 416 and the housing main 
body 415 are fixed to each other by adhesive agent or 
impregnation to seal the inside of the housing 405, 
thereby forming the flow rate sensor 401 of this embod- 30 
iment. 

[01 75] According to the flow rate sensor 401 of this 
embodiment, the hollow recess portion 417 of the hous- 
ing main body 415 is hermetically closed by the lid 416 
to form a cavity portion in the housing 405, and the flow 35 
rate detector 402 is accommodated in the cavity por- 
tion. Accordingly, a gas layer (air layer) having high adi- 
abatic effect is formed between the surrounding of the 
flow rate detector 402 and the inner peripheral surface 
of the housing 405, the surface portion of the fin plate 40 

403 and the output terminal 404 (containing the connec- 
tion portions thereof with the flow rate detector 402) are 
exposed into the hollow recess portion 417, and the 
contact area between the housing 405 and each of the 
above elements is reduced, so that the quantity of heat 45 
transferred from the outside of the sensor through the 
housing 405 to the flow rate detector 402 can be 
extremely reduced. In order to prevent dew condensa- 
tion, dried air, more preferably nitrogen gas, argon gas 

or the like is preferably filled in the gas layer. so 
[0176] Accordingly, the effect of the flow-in/out of 
the quantity of heat between the outside air and the flow 
rate sensor 401 is suppressed, and the measurement 
error due to the flow-in of the quantity of heat from 
things other than the fluid is reduced, so that the meas- ss 
urement precision of the flow rate is enhanced. There- 
fore, even when the specific heat of the fluid is small or 
the flow rate is small, the flow rate can be measured 



with precision. 

[0177] The flow rate sensors 401 shown in Figs. 
25A and 25B and Figs. 26A and 26B are different from 
the above embodiment in the form of the housing 405. 
[0178] The housing 405 shown in Figs. 25A and 
25B comprises a housing main body 419 and a lid 420 
as in the case of the above embodiment. The" housing 
main body 419 is provided with a hollow recess portion 
421 obtained by cutting out the central portion of the cyl- 
inder of the housing main body 419 in a recess form 
from one side portion to the other side portion, and a 
notched portion 41 9d is formed at the outer peripheral 
surface portion of the back surface of the housing main 
body 419 to have proper width and depth in order to 
reduce the thermal contact area between the housing 
main body 419 and a casing 452 described later. The lid 
420 comprises a curved plate which can be joined to the 
peripheral surface of the housing main body, and the lid 
420 is mounted on the peripheral surface of the housing 
mairUaody^l 9to dosethe^holiovv recess portion-421 . 
[0179] A fitting step portion 419a for fitting the lid 
420 to the housing main body 419 is provided at the 
inside of the peripheral surface of the housing main 
body 419, and a projecting step portion 419 which is 
formed in a cylindrical shape so as to project down- 
wardly is provided at the bottom surface of the housing 
main body 41 9. 

[0180] The housing 405 shown in Figs. 26A and 
26B has the same housing main body 419 as the above 
embodiment, and a lid 422 comprising a bent plate 
which is bent in a substantially U-shape. The lid 422 is 
mounted on the housing main body 419 to close the hol- 
low recess portion 421 . In this case, a fitting step portion 
419c for. fitting the lid 422 to the housing main body 419 
is provided along the peripheral surface of the lid at the 
inside of the peripheral surface of the housing main 
body 419. Further, a notched portion 41 9d is formed at 
the outer peripheral surface portion of the back surface 
of the housing main body 419 to have proper width and 
depth as in the case of the embodiment shown in Figs. 
25A and 25B. 

[0181] In these embodiments, a stripe-shaped fin 
plate 403 which is not bent in an L-shape is used. The 
fin plate 403 is inserted through the lower portion of the 
hollow recess portion 421 in the housing main body 
419, the flow rate detector 402 is fixed to the upper end 
portion of the fin plate 403, and the lower end portion of 
the fin plate 403 is disposed so as to penetrate through 
the projecting step portion 419b and project to the out- 
side of the housing. The four output terminals 404 are 
disposed so that the upper end portions thereof pene- 
trate through the upper portion of the hollow recess por- 
tion 421 and projectto^foe outside of the housing while 
the lower end portions thereof are disposed in the hol- 
low recess portion 421, and each output terminal 404 
and the flow rate detector 402 are connected to each 
other through a bonding wire 418. 
[01 82] The lid 420 or the lid 422 is fitted to the side 
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surface of the housing main body 419 in which the 
respective elements are arranged, and they are fixed to 
each other by adhesive agent or impregnation to seal 
the inside of the housing 405, thereby forming the flow 
rate sensor 401. 

[0183] In the flow rate sensors 401 of tbese.embod-^ 
iments, a cavity portion is formed in the housing 405 
through the covering of the lid 420 or 422 on the hous- 
ing main body 419, and the flow rate detector 402 is 
accommodated in the cavity portion. Therefore, the 
effect of the flow-in/out of the quantity of heat between 
the outside air and the flow rate sensor 401 can be 
reduced by the adiabatic effect of an air layer formed 
round the flow rate detector 402, thereby enhancing the 
measurement precision of the flow rate. 
[0184] Further, a notch portion 41 9d is provided at 
the outer peripheral surface portion of the housing main 
body 41 9, so that it is hard to transfer heat from the sur- 
rounding of the sensor and thus the adiabatic effect is 
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cavity portion in the housing 405, thereby obtaining the 
temperature sensor 431 having the surrounding of the 
temperature detector 432 as an air layer. 
[01 89] As in the case of the flow rate sensor 40 1 , in 
the temperature sensor 431 thus formed, the tempera- 
ture detector 432 is accommodated in the cavity portion 
of the housing 405, the air layer having a high adiabatic 
effect is formed between the surrounding of the temper- 
ature detector 432 and the inner peripheral surface of 
the housing 405, and the surface portion of the fin plate 
403 and the output terminal (containing the connection 
portions thereof with the temperature detector 432) are 
exposed to the hollow recess portion. Therefore, the 
effect on the flow-in/out of the quantity of heat is 
reduced through the housing 405 and the measurement 
error affecting this quantity of heat is reduced, so that 
the measurement precision of the temperature of the 
fluid can be enhanced. 

[0190] If the notch portion 41 9d is provided at the 



: enhancedr-That^is, :undeMhe-state4hat*the^nso^ of the^housing^mains 



mounted on the flow rate detecting apparatus, the notch 
portion 41 9d is not brought into contact with the periph- 
eral surface of the sensor insertion hole 459, and the 
portion of the notch portion 41 9d is set as a void as 
shown in Fig. 29, so that the flow-in/out of heat from the 
casing 452 to the housing main body 419 is suppressed 
by the air layer and it is cooperated with the adiabatic 
effect of the cavity portion formed in the housing 405 to 
reduce the measurement error. 
[0185] The notch portion 41 9d may be designed in 
a proper size and proper shape and located at a proper 
position in conformity with the size, shape, etc. of the 
housing main body 419, and it may be provided to the 
outer peripheral surface of the housing main body 415 
shown in Figs. 22, 23. 

[0186] A temperature sensor 431 of the present 
invention as shown in Fig. 28 may be constructed by 
replacing only the flow rate detector 402 out of the con- 
stituent elements of the flow rate sensor 401 of each 
embodiment with a temperature detector 432 shown in 
Fig. 27. 

[0187] That is, the temperature detector 432 is 
formed by directly and successively laminating an insu- 
lating layer 434, a thin-film temperature sensing ele- 
ment 435 and an insulating layer 436 on the top surface 
of a substrate 433, and the shapes and materials of the 
substrate 433, the insulating layers 434, 436 and the 
temperature sensing element 435 are the same as the 
flow rate detector 402. 

[01 88] As not shown, the temperature detector 432 
is fixed to the end portion of the fin plate 403, the fin 
plate 403 and the output terminal 404 are disposed in 
the housing main body 415, 419 having the hallow^ 
recess portion 417, 421, and the temperature detector 
432 and the output terminal 404 are connected to each 
other by a bonding wire 418. Further, the lid 416, 420, 
422 is fitted to the housing main body to hermetically 
close the hollow recess portion 417, 421 and form the 
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body 415, 419, the portion of the notch portion 41 9d 
serves as the void portion to suppress the flow of heat 
into/out of the housing main body 415, 419, thereby 
suppressing the measurement error effected by unde- 
sired quantity of temperature. 
[0191] The flow rate sensor 401 and the tempera- 
ture sensor 431 of the present invention have common 
constituent elements, and can be manufactured by var- 
ious methods. Specifically, the constituent elements 
such as the fin plate 403, etc. are mounted in the hous- 
ing main body 41 5, 41 9 which is separately formed from 
the above elements, and then the lid 416, 420, 422 is 
mounted on the housing main body 415, 419, or the 
constituent elements to be fitted to the housing main 
body are integrally installed into the housing main body 
when the housing main body is formed, and then the lid 
is mounted on the housing main body. 
[0192] In the flow rate sensor 401 and the tempera- 
ture sensor 431 of the present invention, the cavity por- 
tion is provided in the housing 405 and the flow rate 
detector 402 or the temperature detector 432 is accom- 
modated in the cavity portion so that the surface of each 
detector is exposed to the air layer in the cavity portion, 
whereby the heat transfer from the housing 405 can be 
prevented and the flow of the quantity of heat into/out of 
the outside can be suppressed. 
[0193] Accordingly, if there is adopted such a struc- 
ture that the flow rate detector 402 or the temperature 
detector 432 is accommodated in the cavity portion 
which is provided in the sensor, any form may be 
applied to the housing 405. In the above embodiments, 
the housing main body and the lid are designed to be 
separate from each other for the viewpoint of the con- 
venience of the manufacturing. However, another sepa- 
rate structure or an integral structure of these elements 
with the respective constituent elements may be 
adopted. 

[0194] The flow rate sensor 401 and the tempera- 
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ture sensor 431 thus constructed are fitted into a casing 
452 shown in Figs. 28 and 29 to construct a flow rate 
detecting apparatus 451 , which will be used to measure 
the flow rate. 

[0195] The casing 452 is formed of synthetic resin 5 
such as vinyl chloride-resin,- PBT, PPS or the like, and it 
comprises a main body portion 455 and a lid portion 
456 which is detachably mounted on the main body por- 
tion 455. Both the end portions of the main body portion 
455 are set as connection portions 457 to be connected 10 
to external pipes, and a flow passage pipe 453 is dis- 
posed so as to penetrate through the main body portion 
455. 

[0196] A sensor insertion space 458 is formed at 
the upper portion of the main body portion 455, and 15 
sensor insertion holes 459 and 460 are formed so as to 
extend from the sensor insertion space toward the flow 
passage pipe 453. 

[0197] The flow passage pipe 453 is a metal cylin- 
* drical-pipe*formedHrtcdpper^ro^ 
like, and opening portions 461 , 462 are fanned in the 
flow passage pipe 453 so as to face the sensor insertion 
holes 459, 460. 

[0198] The flow rate sensor 401 and the tempera- 
ture sensor 431 are fitted from the sensor insertion 25 
space of the casing 452 into the sensor insertion holes 
459, 460. The lower half portions of the fin plates 403 
are inserted through the opening portions 461,-462 of 
the flow passage pipe 453 and located in the pipe. 
When these sensors 401 and 431 are fitted in the sen- 30 
sor insertion holes 459 and 460 respectively, the lower 
ends of the fin plates 403 extend to positions lower than 
the central axial line of the flow passage pipe 453. 
[0199] O-rings 463, 464 are interposed between 
the flow rate sensor 401 and the sensor insertion hole 35 
459 and between the temperature sensor 431 and the 
sensor insertion hole 460 to prevent fluid from leaking 
through the gaps therebetween. 
[0200] After the flow rate sensor 401 and the tem- 
perature sensor 43 1 are fitted, a sensor press plate 465 <w 
is inserted into the sensor insertion space 458 to press 
the top surface of the housings 405 of the sensors, and 
a flow rate, etc. detecting circuit board 454 is mounted 
thereon. 

[0201] The flow rate, etc. detecting circuit board 45 
454 is electrically connected to the respective output 
terminals 404 of the flow rate sensor 401 and the tem- 
perature sensor 431, and the flow rate detecting circuit 
described with reference to Fig. 10 is constructed as a 
whole. 50 
[0202] Specifically, there is constructed a bridge cir- 
cuit containing the temperature sensing resistor 407 of 
the flow rate detector 402f4be.temperature sensing ele- 
ment 435 of the temperature detector 432 and a varia- 
ble resistor. A constant voltage is applied to the bridge ss 
circuit by a constant-voltage circuit, and the output of 
the bridge circuit is input through a differential amplify- 
ing circuit having an amplification factor adjusting resis- 



tor and an integration circuit to the base terminal of a 
collector-grounded transistor having an emitter terminal 
which is connected to the heating element 409 of the 
flow rate detector 402. The potential of the heating ele- 
ment 409 which varies in accordance with the potential 
difference between a, b points of the bridge circuit is 
picked up as a detection signal for the flow rate. 
[0203] That is, when the detection temperature of 
the fluid by the temperature sensing resistor 407 is low- 
ered, the base current value of the transistor is control- 
led on the basis of the signal front the integrated circuit 
so as to increase the heating value of the heating ele- 
ment 409, in other words, so as to increase the supply 
power to the heating element. On the other hand, when 
the detection temperature of the fluid by the tempera- 
ture sensing resistor 407 is increased, the base current 
value of the transistor is controlled on the basis of the 
signal from the integrated circuit so as to reduce the 
heating value of the heating element 409, in other 
-words, so as^o-reduce s the-supply:powerto^the*heating"^' 
element. Accordingly, irrespective of the flow rate of the 
fluid to be detected, the temperature compensation of 
the fluid is carried out so that the flow rate of the fluid 
can be detected with high precision. 

[Example] 

[0204] A flow rate detecting apparatus having the 
same construction as the flow rate detecting apparatus 
451 described above was constructed by using the flow 
rate sensor 401 shown in Figs. 22 and 23, and the flow 
rate was measured by using the flow rate detecting 
apparatus thus constructed. 
[0205] Kerosene was used as fluid to be measured, 
and a predetermined amount of kerosene was put into 
the flow passage pipe 453. The amount of kerosene 
was increased or reduced to a predetermined amount 
at a time, and the flow rate was continuously measured. 
Thereafter, the variation of the output variation rate with 
time lapse from the switch time of the flow rate was 
determined. 

[0206] The variation of the output variation rate with 
time lapse from a time point at which the flow rate was 
switched from 20cc/minute to 80cc/minute is indicated 
by reference character (A) in Fig. 30. Further, the varia- 
tion of the output variation rate with time lapse from a 
time point at which the flow rate was switched from 
80cc/minute to 20cc/minute is indicated by reference 
character (B) in Fig. 30. 

[0207] Here, the output variation rate indicates the 
ratio of the measured flow rate value to the actual flow 
rate value of the fluid flowing through the flow passage 
pipe 453 (i.e., measured flow rate value/actual flow rate 
value). As the output variation rate approaches to 1 .0, it 
means that the measurement error is smaller. 
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[Comparative Example] 

[0208] A flow rate sensor having a conventional 
structure in which the surrounding of the flow rate detec- 
tor is covered with no gap by the housing was installed 5 
in the apparatus used in the above Example, and the 
flow rate was measured in the "same procedure as 
described above to determine the output variation rate. 
[0209] The variation of the output variation rate 
when the flow rate was switched from 20cc/minute to 10 
80cc/minute is indicated by reference character (C) in 
Fig. 30, and the variation of the output variation rate 
when the flow rate was switched from 80cc/minute to 
20cc/minute is indicated by reference character (D) in 
Fig. 30. '5 
[0210] Referring to Fig. 30, with the conventional 
flow rate sensor, it takes a long time until the measured 
flow rate value approaches to the actual flow rate value 
and the output is kept stable (in Fig. 30, 30 seconds or 
nrion^are ne'ededrand^out^^minutes arewedeeKirr* 5 ^ 
the actual measurement). However, with the flow rate 
sensor of the present invention, the output is kept stable 
within 5 seconds, and it can follow the variation of the 
actual flow rate in a short time. Therefore, it has been 
proved that according to the sensor of the present 25 
invention, the sensitivity is excellent, the response is 
high and the measurement precision is stable and 
enhanced. 

[0211] As described above, according to the flow 
rate sensor and the temperature sensor of the present 30 
invention, the effect of the flow-in/out of the quantity of 
heat between the outside air and the flow rate sensor or 
the temperature sensor can be reduced, and even when 
the specific heat of the fluid is small, the flow rate is 
small or the like, the flow rate and the temperature 35 
thereof can be measured with high precision. 

[Industrial Applicability] 



[0212] As described above, according to the fbw 
rate of the present invention, the elements containing 
the flow rate detector are unified into an unit, and thus 
the fabrication work in the manufacturing process can 
be easily performed. Further, according to the flow rate 
sensor of the present invention, the measurement of the 
flow rate can be accurately performed without suffering 
an adverse effect of the variation of the outside air tem- 
perature. Still further, according to the flow rate sensor 
of the present invention, even when the fluid is viscous 
fluid having relatively high viscosity, the flow rate of the 
fluid flowing in the pipe can be accurately measured. In 
addition, according to the present invention, even when 
the flow rate is relatively small, the flow rate of the fluid 
flowing in the pipe can be accurately measured. 
[0213] As described above, according to the flow 
rate sensor of the present invention, the flow rate 
detecting base portion for sealing the flow rate detector 
is formed of synthetic resin having low thermal conduc- 



tivity, so that the adverse effect of the thermal transfer 
between the outside environment and the flow rate 
detector on the flow rate detection can be suppressed. 
Therefore, the flow rate of fluid to be detected in a pipe 
line can be accurately and steadily detected. 
[0214] ., The present invention can provide the. flow— 
rate sensor and the flow rate detecting apparatus which 
can be easily installed into the casing and mounted in 
the casing under a stable fixed state with sufficient dura- 
bility. 

[0215] Further, according to the flow rate sensor of 
the present invention, the quantity of heat discharged 
from each part of the flow rate sensor to the casing and 
the outside can be extremely reduced, and even when 
the specific heat of the fluid is small, the flow rate is 
small or the like, the flow rate can be measured with 
high precision. 

[0216] As described above, according to the flow 
rate sensor and the temperature sensor of the present 
inveritionf the'effecfcof Ahet low~-in/out-of -the quantity^* 
heat between the outside air and the flow rate sensor or 
the temperature sensor can be suppressed, and thus 
even when the specific heat of fluid is small, the flow 
rate is small or the like, the flow rate and the tempera- 
ture thereof can be measured with high precision. 

Claims 

1 . A flow rate sensor comprising: 

a flow rate detector having a heating function 
and a temperature sensing function; 
a pipe line for fluid to be detected which is 
formed so that heat from the flow rate detector 
is transferred to and absorbed by the fluid, 
wherein the temperature sensing which is 
affected by a heat absorption effect of the fluid 
due to the heat is executed in the flow rate 
detector, and the flow rate of the fluid in the 
pipe line is detected on the basis of the temper- 
ature sensing result; 

at least one unit retaining portion formed on a 
casing in which the pipe line is formed, the unit 
retaining portion being disposed adjacent to 
the pipe line; and 

a flow rate detecting unit comprising the flow 
rate detector and retained by the unit retaining 
portion. 



so 2. The flow rate sensor as claimed in claim 1 , wherein 
the casing is made of synthetic resin. 

3. The flow rate sensor as claimed in anyone of claims 
1 to 2, wherein the flow rate detecting unit com- 
55 prises the flow rate detector, a first heat transfer 
member provided to the flow rate detector, a first 
electrode terminal electrically connected to the flow 
rate detector and a first base portion made of syn- 
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thetic resin, the first base portion is retained by the 
unit retaining portion, the first heat transfer member 
extends from the first base portion into the pipe line, 
and the first electrode terminal extends from the 
first base portion to the opposite side to the pipe 5 
line. 

4. The flow rate sensor as claimed in claim 3, wherein 
the first heat transfer member extends to at least 
the vicinity of the central portion on the section of 10 
the pipe line. 

5. The flow rate sensor as claimed in anyone of claims 
3 to 4, wherein the first base portion comprises an 
inner portion having elasticity and an outer portion 15 
disposed around the inner portion. 

6. The flow rate sensor as claimed in anyone of claims 
3 to 5, wherein a cavity is formed in a central portion 

r^^o1^theii^base.poEtion:x^-^ * — - . &&*?«20. 

7. The flow rate sensor as claimed in anyone of claims 
3 to 6, wherein the first heat transfer member has a 
plate form, and the flow rate detector is joined to a 
portion of the first heat transfer member located in 25 
the first base portion. 



8. The flow rate sensor as claimed in anyone of claims 
3 to 7, wherein a seal member for the pipe line is 
interposed between the first base member and the 30 
casing. 

9. The flow rate sensor as claimed in anyone of claims 
3 to 8, wherein a device accommodating portion is 
formed in the casing at the outside of the unit retain- 35 
ing portion, a wiring board is disposed in the device 
accommodating portion. 

1 0. The flow rate sensor as claimed in claim 9, wherein 

the device accommodating portion is covered by a 40 
lid portion. 

1 1 . The flow rate sensor as claimed in anyone of claims 
1 to 10, wherein the flow rate detector comprises a 
thin-filrri heating element and a flow rate detecting 45 
thin-film temperature sensing element disposed so 

as to beaffected by the effect of the heating of the 
thin-film heating element, the thin-film heating ele- 
ment and the flow rate detecting thin-film tempera- 
ture sensing element being formed on a first so 
substrate. 

12. The flow rate sensor as claimed in claim 11, 
wherein the first heat transfer member is joined to 

the first substrate. 55 

13. The flow rate sensor as claimed in claim 11, 
wherein the thin-film heating element and the flow 



rate detection thin-film temperature sensing ele- 
ment are laminated on a first surface of the first 
substrate through a first insulating layer. 

14. The flow rate sensor as claimed in claim 13, 
. . wherein the first heat transfer member is joined to a 

"second surface of the first substrate. 

15. The flow rate sensor as claimed in any one of 
claims 3 to 14, wherein the dimension of the first 
heat transfer member in the direction of the pipe 
line is set to be larger than the dimension in the 
direction perpendicular to the extension direction of 
the first heat transfer member within the section of 
the pipe line. 

16. The flow rate sensor as claimed in any one of 
claims 1 to 15, further comprising a temperature 
detecting unit retained by the unit retaining portion 

^^other4han4hat fcM;etaining4he>f low rats^detecting- 
unit, the temperature detecting unit including a tem- 
perature detector for detecting the temperature of 
the fluid in the pipe line for compensation when the 
flow rate of the fluid in the pipe line is detected. 

17. The flow rate sensor as claimed in claim 16, 
wherein the temperature detecting unit comprises 
said temperature detector, a second heat transfer 
member provided to the temperature detector, a 
second electrode terminal electrically connected to 
the temperature detector and a second base por- 
tion made of synthetic resin, the second base por- 
tion is retained by the unit retaining portion other 
than that for retaining the flow rate detecting unit, 
the second heat transfer member extends from the 
second base portion into the pipe line, and the sec- 
ond electrode terminal extends from the second 
base portion to the opposite side to the pipe line. 

18. The flow rate sensor as claimed in claim 17 t 
wherein the second heat transfer member extends 
to at least the vicinity of the central portion on the 
section of the pipeline. 

1 9. The flow rate sensor as claimed in anyone of claims 
17 to 18, wherein the second base portion com- 
prises an inner portion having elasticity and an 
outer portion disposed around the inner portion. 

20. The flow rate sensor as claimed in anyone of claims 
1 7 to 19, wherein a cavity is formed in a central por- 
tion of the second base portion. 

21 . The flow rate sensor as claimed in anyone of claims 
17 to 20, wherein the second heat transfer member 
has a plate form, and the temperature detector Is 
joined to a portion of the second heat transfer mem- 
ber located in the second base portion. 
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22. The flow rate sensor as claimed in anyone of claims 
1 7 to 21 , wherein a seal member for the pipe line is 
interposed between the second base member and 
the casing. 

23. The flow rate sensor as claimed in anyone of claims 
1 7 to 22, wherein the wiring board and the second 
electrode terminal of the temperature detecting unit 
are electrically connected to each other. 

24. The flow rate sensor as claimed in anyone of claims 
17 to 23, wherein the temperature detector com- 
prises a temperature detection thin-film tempera- 
ture sensing element on the second substrate. 

25. The flow rate sensor as claimed in claim 24, 
wherein the second heat transfer member is joined 
to the second substrate. 

26. -The f low rate-sensop as^daimed^ifP-claim^r-- 
wherein the temperature detection thin-film temper- 
ature sensing element are laminated on a first sur- 
face of the second substrate through a second 
insulating layer. 

27. The flow rate sensor as claimed in claim 26, 
wherein the second heat transfer member is joined 
to a second surface of the second substrate. 

28. The flow rate sensor as claimed in any one of 
claims 1 7 to 27, wherein the dimension of the sec- 
ond heat transfer member in the direction of the 
pipe line is set to be larger than the dimension in the 
direction perpendicular to the extension direction of 
the second heat transfer member within the section 
of the pipe line. 

29. A flow rate sensor comprising: 

a flow rate detector having a heating function 
and a temperature sensing function; 
a pipe line for fluid to be detected which is 
formed so that heat front said flow rate detector 
is transferred to and absorbed by the fluid, 
wherein the temperature sensing which is 
affected by a heat absorption effect of the fluid 
due to the heat is executed in said flow rate 
detector, and the flow rate of the fluid in said 
pipe line is detected on the basis of the temper- 
ature sensing result; and 
a casing made of synthetic resin. 

30. A flow rate detecting unit for use in.a flow rate sen- 
sor including a flow rate detector having a heating 
function and a temperature sensing function in 
which the temperature sensing which is affected by 
a heat absorption effect of fluid due to the heat is 
executed and the flow rate of the fluid is detected on 



the basis of the temperature sensing result, the flow 
rate detecting unit comprising: 

the flow rate detector; 
5 a first heat transfer member provided to the 

flow rate detector; 

a first electrode terminal electrically connected 
to the flow rate detector; and 
a first base portion made of synthetic resin, 
10 wherein the first heat transfer member and the 

first electrode terminal extends to the opposite 
side to each other. 

31. A fluid temperature detecting unit for use in a flow 
is rate sensor including a flow rate detector having a 
heating function and a temperature sensing func- 
tion in which the temperature sensing which is 
affected by a heat absorption effect of fluid due to 
the heat is executed and the flow rate of the fluid is 
^" ■ ^ [gcled on the'basis-d the-temperatare^&nsihg 
result in order to perform compensation of the flow 
rate detected due to the temperature of the fluid, 
the temperature detecting unit comprising: 

25 a temperature detector ; 

a second heat transfer member provided to the 
temperature detector; 

a second electrode terminal electrically con- 
nected to the temperature detector; and 
30 a second base portion made of synthetic resin, 

wherein the second heat transfer member and 
the second electrode terminal extends to the 
opposite side to each other. 

35 32. A flow rate sensor comprising: 

a flow rate detector having a heating function 
and a temperature sensing function; 
a pipe line for fluid to be detected; and 
40 a flow rate detection heat transfer member 

which is disposed so as to be affected by heat 
from the flow rate detector and extends into the 
pipe line, 

wherein the temperature sensing which is 
45 affected by a heat absorption effect of the fluid 

due to the heat via the flow rate detection heat 
transfer member is executed in the flow rate 
detector, and the flow rate of the fluid in the 
pipe line is detected on the basis of the temper- 
so ature sensing result, and, the flow rate detector 

and a portion of the flow rate detection heat 
transfer member thermally connected to the 
flow rate detector are sealed within a flow rate 
detection base portion made of synthetic resin 
55 having a thermal conductivity of 0.7 [W/m • K] 

or less. 

33. The flow rate sensor as claimed in claim 32, 
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wherein the flow rate detection base portion is 
made of synthetic resin having a thermal conductiv- 
ity of 0.4 [W/m • K] or less. 

34. The flow rate sensor as claimed in anyone of claims 
~>32 to 33, wherein the flow rate detection base por- 
tion extends in a radial direction of the pipe line and 
passes through a central axis of the pipe pine. 

35. The flow rate sensor as claimed in anyone of claims 
32 to 34, wherein the flow rate detection heat trans- 
fer member has a plate form being disposed in the 
pipe line along the pipe line. 

36. The flow rate sensor as claimed in anyone of claims 
32 to 35, wherein the flow rate detector comprises 
a thin-film heating element and a flow rate detecting 
thin-film temperature sensing element disposed so 
as to be affected by the effect of the heating of the 

- ^hir/-film'heating-element c outside^he^pipe'line; the 
thin-film heating element and the flow rate detecting 
thin-film temperature sensing element being 
formed on a first substrate. 

37. The flow rate sensor as claimed in anyone of claims 
32 to 36, further comprising a fluid temperature 
detector to perform compensation of the flow rate 
detected in the flow rate detection, wherein the fluid 
temperature detector and a fluid temperature 
detection heat transfer member disposed so as to 
extend into the pipe line are thermally connected to 
each other. 

38. The flow rate sensor as claimed in claim 37, 
wherein the flow rate detector and a portion of the 
temperature detection heat transfer member ther- 
mally connected to the flow rate detector are sealed 
within a temperature detection base portion made 
of synthetic resin having a thermal conductivity of 
0.7 [W/m -K] or less. 

39. The flow rate sensor as claimed in claim 38, 
wherein the temperature detection base portion is 
made of synthetic resin having a thermal conductiv- 
ity of 0.4 [W/m • K] or less. 

40. The flow rate sensor as claimed in anyone of claims 
37 to 39, wherein the temperature detection base 
portion extends in a radial direction of the pipe line 
and passes through a central axis of the pipe line. 

41 . The flow rate sensor as claimed in anyone of claims 
37 to 40r-wherein the temperature detection heat 
transfer member has a plate form being disposed in 
the pipe line along the pipe line. 

42. The flow rate sensor as claimed in anyone of claims 
36 to 41 , further comprising heating control means 
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for controlling the heating of the heating element 
connected to a passage for supplying electric cur- 
rent to the heating element, wherein the heating 
control means controls the current to be supplied to 
the heating element on the basis of the temperature 
sensing result so that the temperature sensing 
result is coincident with a target value, and the flow 
rate of the fluid is detected on the basis of the con- 
trol state of the heating control means. 

43. A flow rate sensor comprising; 



a flow rate detector having a heating element 
and a temperature sensing element formed on 
a substrate; 

a fin plate for transferring heat to fluid to be 
detected therethrough, and 
an output terminal for outputting the voltage 
value corresponding to the flow rate, 
wherein the flow rate^detector, a part' of the fin 
plate and a part of the output terminal are 
coated by molding. 



44. The flow rate sensor as claimed in claim 43, 
25 wherein the flow rate detector is fixed to an end sur- 
face of the fin plate, the flow rate detector and the 
output terminal are connected to each other via a 
bonding wire. 

30 45. The flow rate sensor as claimed in claim 43 or 44, 
wherein the fin plate and the output terminal are 
manufactured by processing a plate to a plate base 
member and then processing the plate base mem- 
ber to the fin plate and the output terminal. 

35 

46. The flow rate sensor as claimed in claim 45, 
wherein the plate base member is formed by etch- 
ing the plate. 

40 47. A flow rate detecting apparatus comprising: 



the flow rate sensor as claimed in claim 43; 
a casing having a sensor hole for accommodat- 
ing the flow rate sensor; and 
a fluid flow passage pipe having an opening 
disposed at a position corresponding to the 
sensor hole. 
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48. The flow rate detecting apparatus as claimed in 
claim 47, wherein a seal member is interposed 
between the flow rate sensor and the sensor hole. 

49. The flow rate detecting apparatus as claimed in 
claim 47 or 48, further comprising a fluid tempera- 
ture sensor, wherein a sensor hole for accommo- 
dating the temperature sensor is formed in the 
casing and an opening disposed at a position corre- 
sponding to the sensor hole for accommodating the 
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temperature sensor in the fluid flow passage pipe. 

50. The flow rate detecting apparatus as claimed in 
claim 49, wherein a seal member is interposed 
between the temperature sensor and the sensor 5 
hole for accommodating the temperature sensor. 

51 . A flow rate sensor comprising; 

a flow rate detector having a heating element 10 
and a temperature sensing element formed on 
a substrate; and 

a recess portion formed in the substrate, the 
recess portion being sealed with an air layer 
formed therein. 15 

52. The flow rate sensor as claimed in claim 51, 
wherein the recess portion is formed by etching. 



-53r*Thef low-rate sensor as^c!aimeoyn^nyone.of claims^20^v^ 
51 to 52, wherein the recess portion is sealed by a 
glass plate. 60. 



54. The flow rate sensor as claimed in anyone of claims 

51 to 53, further comprising a fin plate performing 25 
heat transmission to the fluid, wherein the flow rate 
detector is fixed to a surface of an end portion of the 
fin plate so that a side of the flow rate detector on 
which the heating element and the temperature 
sensing element is positioned confront the surface 30 
of the end portion of the fin plate. 

55. A flow rate sensor comprising; 

a flow rate detector having a heating element 35 
and a temperature sensing element with an 
insulator interposed therebetween ; 
a fin plate an end portion of which is joined to 
the flow rate detector; 

an output terminal electrically connected to the 40 
flow rate detector; and 

a housing made of resin accommodating the 
flow rate detector, 

wherein the fin plate and the output terminal 
extend to the outside of the housing, a cavity is 45 
provided in the housing and the flow rate detec- 
tor is disposed in the cavity. 



58. The flow rate sensor as claimed in anyone of claims 
55 to 57, wherein the housing comprises a main 
body portion having a recess portion and a lid por- 
tion covering the recess portion. 



59. A temperature sensor comprising;^, 



61. 



62. 



a temperature detector having a temperature 

sensing element and an insulator laminated on 

the temperature sensing element; 

a fin plate an end portion of which is joined to 

the temperature detector; 

an output terminal electrically connected to the 

temperature detector; and 

a housing made of resin accommodating the 

temperature detector, 

wherein the fin plate and the output terminal 
extend to the outside of the housing, a cavity is 
provided in the housing and the temperature 

r.~^ctetector isdisposedJn the cavity*^^-*^^^ - 

The temperature sensor as claimed in claim 59, 
wherein the end portion of the fin plate joined to the 
temperature detector and an end portion of the out- 
put terminal connected to the emperature detector 
are positioned in the cavity. 

The temperature sensor as claimed in claim 59 or 
60, wherein a notched portion is formed on an outer 
peripheral surface of the housing. 

The temperature sensor as claimed in anyone of 
claims 59 to 61, wherein the housing comprises a 
main body portion having a recess portion and a lid 
portion covering the rcess portion, 



56. The flow rate sensor as claimed in claim 55, 
wherein the end portion of the fin plate joined to the so 
flow rate detector and an end portion of the output 
terminal connected to the flow rate detector are 
positioned in the cavity. 

57. The flow rate sensor as claimed in claim 55 or 56, 55 
wherein a notched portion is formed on an outer 
peripheral surface of the housing. 
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